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ABSTRACT 
There has been discussion for many years about how much homework teachers give or 
whether they ought to give it at all. Some studies have shown that homework has a positive 
effect on high school students’ learning as measured by achievement tests or course grades. 
Additionally, there is an increasing interest among educators, policy makers, and researchers to 
identify instruction that can raise achievement levels and promote equity.  
This study used an exploratory embedded comparative case design. The case study 
approach was used to explore students’ overall experiences with interleaved homework in high 
school mathematics classes. The subunits for this case study included students in two classroom 
settings, from two different levels of algebra mathematics courses, taught by two different 
teachers. I selected three students from a remedial Algebra 1 course and three students from an 
Honors Algebra 2 course. The participants from each class were selected based on the results of 
a student questionnaire that was administered before the interleaved homework intervention. 
After a baseline phase of blocked homework assignments, interleaved assignments were 
incorporated in the classroom and the following forms of data were collected for analysis: 
homework documents, student questionnaires, a cumulative test, and semi-structured interviews.  
To gain insight into the high school students’ experience with interleaved homework, I 
used Dettmer et al.’s (2011) framework to focus the study. The framework accounts for student 
perceptions and emotions while completing homework, and how those affect achievement. 
Findings in this study revealed unique experiences for each participant and helped to identify the 
diversity of potential experiences. The key findings that emerged from analyzing the students’ 
vii 
 
experiences with interleaved homework across subunits were: student effort, the culture of the 
classroom, the social aspect of homework, students’ past experiences with mathematics and 
homework, and student concerns about receiving homework in general. Across the subunits, 
most participants articulated the benefits of interleaved homework assignments and indicated 
they would not be opposed to interleaving homework if they were exposed to the assignments at 
the beginning of the school year. This study provides evidence of the different experiences 
students can have with interleaved homework. The findings provide a qualitative look at how 
students themselves feel about homework, interleaved homework and mathematics—insights 
that are not easily captured with only quantitative surveys or achievement data. 
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CHAPTER 1: INTRODUCTION 
In Principles and Standards for School Mathematics (2000), the National Council of 
Teachers of Mathematics (NCTM) called for all students to learn a common foundation of 
mathematics. This call included a mandate for the field of mathematics education to develop 
“effective methods of supporting the learning of mathematics by all students” (NCTM, 2000, 
p.12).  NCTM highlighted six principles (Equity, Curriculum, Teaching, Learning, Assessment, 
and Technology) that would help to achieve this goal. The principles were intended to be used as 
tools to select curriculum materials, design assessments, and deliver instruction in the classroom 
(NCTM, 2000).   
It was mentioned in Principles to Actions: Ensuring Mathematics for All (NCTM, 2014) 
that the principles were updated to reflect the more than ten years of experiences and research 
evidence from outstanding mathematics programs. Principles to Actions included certain 
conditions, polices, and structures that are needed for all students to learn (NCTM, 2014). 
Through the years of change and implementation of the standards and principles, there 
have been many accomplishments in the field of mathematics education (NCTM, 2014). 
However, challenges still exist. They include: lower expectations, limited access to instructional 
materials, and too much emphasis on assessment results (NCTM, 2014). Also, there are not 
enough students, especially from historically underrepresented groups, learning mathematics at 
high levels (NCTM, 2014). Therefore, “we must move from ‘pockets of excellence’ to ‘systemic 
excellence’ by providing mathematics education that supports the learning of all students” 
(NCTM, 2014, p. 3). In other words, the mathematics education community should acknowledge 
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the past accomplishments but move toward finding ways for all students to have an opportunity 
to learn mathematics.      
Curriculum 
Mathematics curriculum determines what students have an opportunity to learn (NCTM, 
2000). Curriculum includes instructional materials, activities, tasks, units, lessons, and 
assessments to help meet the standards (NCTM, 2014). There are multiple meanings of 
curriculum in education (Stein et al., 2007). However, in this study curriculum is referred to as 
“material resources designed to be used by teachers in the classroom” (Stein et al., 2007, p. 321).  
Stein et al. explained that materials shape opportunities for student learning, are a starting point 
for instruction, and that “their influence merits substantial investigation” (p. 323). Curriculum 
should be revisited occasionally to ensure it reflects changing priorities as well as new research 
on effective learning developments (NCTM, 2014).  
Curriculum is only part of the solution to student achievement in mathematics (Bottia et 
al., 2014). Math instruction should be consistent with curricular standards and altered to benefit 
the diverse population of students (Bottia et al., 2014). Teachers control and have the 
responsibility to ensure what and how mathematical content is presented to their students, which 
includes curricula and resources available to them (NCTM, 2000). According to NCTM (2014), 
one way to make the Curriculum Principle a reality is to “evaluate the extent to which curricular 
materials and resources align with and support meaningful student learning of the content and 
practices in the standards” (p. 77). 
Interleaving and Spacing 
Textbooks are used in the curriculum as a resource for teachers and can take a central role 
in supporting instruction (NCTM, 2014). Most mathematics textbooks in the United States 
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include a block set of problems after a lesson (Rohrer, 2009). Blocked practice is when problems 
on the same topic are included in immediate succession. In blocked practice students are not 
given the opportunity to choose an appropriate strategy because every problem in the practice 
requires the same strategy (Rohrer, Dedrick, & Burgess, 2014). An alternative approach to 
blocking practice problems is interleaving, in which problems from one concept are followed by 
problems from other concepts (Rohrer, 2012). Blocking practice problems allow students to infer 
the concept or procedure before they read the problem (Rohrer, 2012). However, interleaving 
allows students to practice the procedures of the problem as well as practice choosing the 
appropriate strategy (Rohrer, 2012).  
Discrimination learning suggests students can distinguish between two concepts and it 
plays an important role in mastering mathematics (Rohrer, 2012). Children learn to discriminate 
at an early age when learning sounds and facial recognition. In school, students must learn to 
distinguish between similar types of problems that require different strategies (Rohrer, 2012). 
For example, when students solve quadratic equations, they need to be able to recognize if 
factoring could be used over the quadratic formula (Rohrer, 2012). “Interleaving makes it easier 
for learners to compare and contrast members of one category with members of a different 
category” (Rohrer, 2012, p. 4), which is a critical skill. For students to solve a mathematics 
problem, students begin by identifying what kind of problem it is. They identify features of a 
problem that indicate which concept or procedure is appropriate (Rohrer, 2012). 
Rohrer et al. (2014) concluded that interleaving enhanced mathematics learning by 
improving student discrimination between different kinds of problems. The problems given on 
the test, after the interleaving intervention, were from different lessons and used different 
strategies. Previous studies conducted used problems that appeared similar and may or may not 
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have had the same strategy (Rohrer et al., 2014). In either case, interleaving supported the 
connection between each type of problem and its corresponding strategy (Rohrer et al., 2014).  
Spacing is another intervention in the learning process (See Figure 1). Rohrer (2012) 
stated that spacing describes the schedule of exposures to a single concept (timing) and 
interleaving describes the scheduling of exposures to multiple concepts (the order in which they 
are presented). Spacing and interleaving are two distinct interventions (Rohrer, 2012).  
 
Figure 1. Spacing Versus Interleaving. 
Pashler et al. (2007) recommended spacing and interleaving as two of seven 
recommendations to teachers to facilitate learning and remembering information. Students 
typically remember more when they are exposed to information on at least two occasions 
(Pashler et al., 2007). Also, Pashler et al. summarized studies on interleaving, which showed 
students learn more when the study problems (worked out problems) are alternated, followed by 
students solving similar problems on their own.  
The format in which the problems are presented can be difficult for the students during 
the initial study of the material, however the format results in better learning and test 
performance (Taylor & Rohrer, 2010). Taylor and Rohrer mentioned that interleaving promotes 
what Bjork (1994) and colleagues would call desirable difficulty, where “the difficulty incurred 
during the practice session proves to be ultimately worthwhile” (p. 844).  
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There is an increasing interest among educators, policy makers, and researchers to 
identify instruction that can raise achievement levels and promote equity (Lubienski, 2006).     
Merrill (1987, 1994) stated one of the purposes of instruction is to provide an ongoing 
opportunity for students to demonstrate the desired learned performance while the instructor 
monitors and provides feedback as to the result and process. For this reason, homework is 
considered a part of curriculum as well as instruction in this study. Interleaving and spacing 
homework may provide the opportunity for the curriculum to be altered, without changing the 
curriculum standards or instruction, to benefit diverse students. However, many educators may 
be unaware of these interventions and possible benefits in the classroom if interleaving is not 
presented in curriculum materials. 
Statement of the Problem 
  The majority of students in mathematics classes devote their practice time, or time spent 
on homework, on concepts they learned in class (Rohrer, 2009). Yet, the effect of this practice on 
proficiency receives little attention from researchers (Rohrer, 2009). Cooper, Robinson, and 
Patall (2006) stated that the research on homework has had a minimal role in informing 
homework and policy practices because the influences of homework are complex. However, 
research shows homework influences learning and can be an “emotionally charged activity” 
(Dettmers et al., 2011, p. 25).  
When measuring achievement tests or student grades, homework has a positive effect on 
high school students learning (Keith et al., 2004). There is a positive association with 
achievement when students put forth effort, more so than time, into their homework assignments 
(Trautwein et al., 2009). Homework assignments are likely to be the most effective when 
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students do not experience negative emotions while putting forth effort into completing their 
assignments (Trautwein et al., 2009).  
There are some policymakers and education designers who fail to interleave content 
because they claim that it is “detrimental to the student’s learning experience” (Ostrow et al., 
2015, p. 339). However, recent studies on interleaving and spacing suggest they benefit student 
practice, the ability to choose appropriate strategies, as well as practicing procedures (Ostrow et 
al., 2015; Rohrer et al., 2014; Rohrer et al., 2015; Rohrer & Taylor 2007; Taylor & Rohrer 
2010). Also, studies have shown homework benefits students on high school math tests 
(Kalenkoski & Pabilonia, 2013). Therefore, including interleaved problems on homework 
assignments, for practice, may improve student achievement in high school. However, most 
textbooks do not include interleaved practice problems (Rohrer, 2009). Many mathematics 
teachers use curriculum materials, which include materials to assign homework, as a tool for 
teaching (Stein et al., 2007).  
There is a gap in the literature on the studies conducted on interleaving with elementary 
and high school students, which include studies where interleaved homework is consistently used 
in a classroom setting. Also, no studies could be located on student perceptions of interleaved 
homework assignments.  
Purpose of the Study 
Interleaving has the potential to change both how mathematics is taught or how students 
learn (Pan, 2015). Recent research on interleaving focuses on its effects on student achievement. 
There is currently no research on high school students’ perceptions of interleaved homework 
assignments. The purpose of this study is to address the voices of high school students regarding 
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interleaved homework. The research question for this study is: What are high school students’ 
experiences with interleaved homework assignments? 
Homework is a complicated topic in research because there are so many factors that can 
influence the homework experience (Cooper et al., 2006). In order to gain insight into the high 
school’s students’ experience with interleaved homework, I used Dettmer et al.’s (2011) 
framework to focus the study. Based on this framework, I concentrated on students’ perceptions 
of interleaved homework, their feeling of competence when completing the interleaved 
homework assignments, their beliefs concerning homework, their emotions while completing 
interleaved homework, and their homework effort. DiMartino and Zan (2011) stated that 
students’ visions of mathematics are connected to the idea of success in mathematics and will 
influence students’ perceptions of failure and perceived competence. The next section discusses 
Dettmers et al.’s (2011) framework that considers student experiences and emotions while 
completing homework assignments. 
Theoretical Framework 
The control-value theory of achievement emotions is a framework used to analyze 
emotions in achievement contexts (Dettmers et al., 2011). The control-value theory proposes that 
the learning environment influences a student’s self-efficacy and control over academic activities 
and outcomes (Dettmers et al., 2011). For example, students are more likely to enjoy doing 
homework if the attractiveness of homework is positive and self-efficacy is high (Dettmers et al., 
2011). Dettmers et al.’s framework (Figure 2) integrated emotions into the homework model of 
Trautwein et al. (2006), which includes elements of the control-value theory of achievement 
emotions. The homework model of Trautwein et al. shows that effort invested in homework 
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completion, which is known as homework effort, is influenced by students’ confidence in 
successfully completing a given homework assignment (Dettmers et al., 2011).  
 
 
Figure 2. Dettmers et al. (2011) Adapted Version of the Homework Model by Trautwein et al. 
(2006). 
Note. Reprinted from “Students emotions during homework in mathematics: Testing a 
theoretical model of antecedents and achievement outcomes,” by S. Dettmer et al., 2011, 
Contemporary Educational Psychology, 36 (11), p 27 
(https://doi.org/10.1016/j.cedpsych.2010.10.001). Copyright 2011 by Elsevier. Reprinted with 
permission. 
Dettmers et al. (2011) stated in their theoretical framework, that by combining the 
control-value theory with the homework model, homework quality (well prepared and 
challenging assignments) is proposed to predict homework expectancy (feeling of competence 
regarding homework completion) and value beliefs (perceived utility and cost), homework-
related emotions, homework behavior, and achievement. 
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I used Dettmers et al.’s (2011) framework for the overall design of this study, including 
data collection and analysis. The framework accounts for student perceptions and emotions while 
completing homework, and how it those can ultimately impact achievement outcomes. Figure 3 
illustrates how the interleaved homework intervention and the collected data fits into this 
framework. I parenthetically reference the numbered parts of the model to help identify the 
different aspects of the framework that is being discussed.  
 
 
Figure 3. Dettmers et al. (2011) Framework Modified to Include Interleaved Homework. 
Note. Adapted from “Students emotions during homework in mathematics: Testing a theoretical 
model of antecedents and achievement outcomes,” by S. Dettmer et al., 2011, Contemporary 
Educational Psychology, 36 (11), p 27 (https://doi.org/10.1016/j.cedpsych.2010.10.001). 
Copyright 2011 by Elsevier. Adapted with permission. 
The quality of the interleaved homework (1a), as perceived by the students (1b), along 
with student characteristics (1c) is expected to predict students’ homework expectancy (2a), 
value beliefs (2b), homework-related emotions (3), homework behavior (4), and achievement (5) 
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in the study. Although many student characteristics may impact homework quality and 
achievement emotions, I chose to focus only on prior student achievement.  
With semi-structured interviews, along with the student questionnaires I explored student 
perceptions of homework and mathematics as well as determined if students perceive interleaved 
homework to have homework quality (1b). These data also aided in understanding students’ 
beliefs about homework (2b) and their competencies while completing homework (2a), and how 
they felt about the interleaved homework intervention. According to the framework, student 
perceptions affect student effort on homework and the data collected for homework effort 
includes the interleaved homework itself. The accuracy and how much of the homework is 
completed determined homework effort (4). To uncover student’s homework emotions (3) the 
student questionnaire asked students to describe homework in one or two words. Although the 
focus of this study is student experience, I include contextual information on student 
achievement (5), as it contributes to our understanding of how homework related to opportunities 
to provide practice and improve mastery (Epstein & Van Voorhis, 2001). The cumulative test 
data were used to provide context how all the elements in the framework influence student 
learning.  
Definition and Purpose of Homework 
  Cooper (1989) defined homework as any assigned task, which students carry out after 
school. However, students can complete homework at other points of the day at school such as in 
other classes or study hall (Cooper et al., 2006). Although the homework that was assigned in 
this study was meant for after school hours, some students may have worked on the assignments 
at any part of the day and may have worked with one another.  
11 
 
Studies have used school grades instead of achievement tests to show how homework 
affects student achievement (Trautwein & Köller, 2003). The homework that was assigned in 
this study affected student achievement because it is included in the students’ grade. 
Additionally, Epstein and Van Voorhis (2001) stated the most common instructional purpose of 
homework was for students to practice or review material that was presented in class, which is 
the situation in this study.  
Significance of the Study 
Few studies (Rohrer et al., 2014; Rohrer et al., 2015) have been conducted in the 
mathematics classroom examining how interleaving affects student achievement. The studies on 
interleaved practice include middle school students, or students’ short-term learning using 
tutoring programs. As of now, no studies could be located that include student perceptions of 
homework or mathematics with respect to interleaving. The findings from this embedded case 
study provide deep insights into students’ experiences with interleaved homework. The rich 
descriptions produced by this study can become a starting point for bringing the student 
perspective into the formulation of policies on homework or instruction in classrooms or 
districts. The findings from this study can contribute to the field’s understanding of the potential 
of interleaved homework assignments to influence students’ overall attitude in mathematics. 
Student perceptions regarding interleaved homework assignments can inform future research to 
determine if it is a useful tool to use as part of the high school curriculum. 
Delimitations 
There are two delimitations associated with this study. First, this study was delimited to 
two different groups of high school students at one school. The first group of students were 
enrolled in a remedial Algebra 1 course in which the students learn the Algebra 1 curriculum in 
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two school years. This group was in their second year of Algebra 1. The second group of 
students were enrolled in an Honors Algebra 2 course. Second, I focused on students’ attitudes 
rather than other relevant factors such as teacher responses to homework, such as the feedback 
they may provide and how they may factor homework performance into their grading to keep 
with Dettmers et al.’s (2011) framework which does not take those factors into account. 
Definitions 
Blocked assignments: defined as the exposure to one skill at a time (Rohrer, 2012). 
Curriculum: defined as material resources designed to be used by teachers in the classroom 
(Stein et al., 2007). 
Discrimination learning: defined as learning to make a distinction between two concepts 
(Rohrer, 2012). 
Expectancy beliefs: defined as feeling of competence regarding homework completion (Dettmers 
et al., 2011). 
Homework: defined as any tasks teachers assign to students to be completed during non-school 
hours (Cooper, 1989). 
Homework Challenge:  defined as students’ perceptions of the cognitive challenge in homework 
tasks (Dettmers et al., 2011). 
Homework Quality: defined by homework selection and homework challenge (Dettmers et al., 
2011). 
Homework Selection: defined as the careful selection and preparation of appropriate and 
interesting tasks (Dettmers et al., 2011). 
Interleaved assignments: defined as the scheduling of exposures to multiple concepts (the order 
in which they are presented) (Rohrer, 2012). 
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Spacing: defined as the schedule of exposures to a single concept (timing) (Rohrer, 2012). 
Value beliefs: defined as perceived utility and cost of doing homework (Dettmers et al., 2011). 
Summary 
There has been discussion for many years about how much homework teachers give or 
whether they ought to give it at all (Zhu, 2015). Studies have shown homework benefits students 
on high school math tests (Kalenkoski & Pabilonia, 2013) and there is some agreement in the 
literature that students perform better on tests when practice is interleaved rather than blocked 
(Rohrer, 2012). Therefore, including interleaved practice problems on homework assignments 
may improve student achievement in high school. Hence, I chose to address the voices of high 
school students regarding interleaved homework and to gain insight into high school students’ 
experience with interleaved homework. Interleaved homework assignments were incorporated, 
in two classroom settings, and data were collected from students with various attitudes towards 
mathematics and different levels of previous mathematics achievement.  
The next chapter will address the interventions of interleaving and spacing to demonstrate 
their potential to improve student learning in mathematics. Included in the literature are the 
complexities of student learning and how the presentation and mixture of two interventions can 
produce significantly different outcomes. Research on students’ attitudes towards homework and 
mathematics will also be discussed.  
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CHAPTER 2: REVIEW OF LITERATURE 
Research shows that for the past forty years, interleaving has outperformed blocking in 
many subjects, such as sports and category learning (Pan, 2015). More recent research shows the 
benefit of interleaving in mathematics classes, and interleaving has the potential to change both 
how mathematics is taught or how students learn (Pan, 2015). In order to explore what is known 
about students’ perceptions of interleaved homework, I conducted a review of the relevant 
literature and divided it into four sections: student attitudes toward mathematics, student 
perceptions of homework, homework and its effects on student learning, and interleaving and 
spacing.   
First, I sought information regarding secondary students’ attitudes toward mathematics. I 
wanted to understand the factors that might influence student attitudes towards mathematics, 
especially for students who develop negative attitudes. To locate the literature regarding student 
attitudes toward mathematics, I used multiple databases available on the university’s library 
website using the phrase student attitudes toward mathematics. I conducted a search using 
different combinations of the words. I then narrowed the search to look for studies focused on 
students at the secondary level. The literature before 2007 was excluded along with literature that 
compared gender and studies because they attempted to show how other interventions affected 
student attitudes toward mathematics.  
Second, I wanted to explore students’ perceptions of homework. Since I included the 
interleaved practice in students’ homework assignments and most homework includes blocked 
practice (Rohrer, 2012), it was important to know how students perceive homework. I located the 
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literature regarding students’ perception of homework using the university’s library website’s 
multiple databases using the search terms:  student perceptions of homework and student 
perceptions of mathematics homework. I then narrowed the search to look for studies that 
focused on students at the secondary level and above. The literature before 2007 was excluded.   
Next, I sought to understand the effects that homework has on student learning. I wanted 
to explore the ways instructors use homework in their classrooms as well as the ways researchers 
connect homework to student learning. To accomplish this, I located the literature using the 
university’s library website using multiple databases using the search terms: mathematics 
homework, homework, and student learning. I narrowed the search to look for studies which 
focused on students at the secondary level and above. The literature before 2007 was excluded as 
was the literature discussing online homework and mathematics anxiety.   
Last, I wanted to address the interventions of interleaving and spacing and how they 
might influence student learning in mathematics. I also wanted to note the comparisons of 
interleaved versus blocked practice at the secondary level. I searched for articles containing 
interleaving on the university’s library website using multiple databases. The search terms 
included: interleaving, spacing, distributed learning, and discrimination learning and a 
combination of these terms. Although the focus of my search for relevant literature was on 
interleaving and spacing in the mathematics classroom, it was not limited to mathematics. The 
literature included spacing and interleaving of photos and pictures. All literature before 2007 was 
excluded.  
In this chapter, I begin the literature review by discussing students’ attitudes towards 
mathematics at the secondary level. Data from national and international studies are used by 
researchers to examine predictors of students’ mathematical achievement. Additionally, a study 
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involving students’ perspectives of mathematics using focus groups will give insight into what 
students are thinking beyond surveys.   
Student Attitudes Toward Mathematics 
Students’ visions of mathematics are connected to the idea of success in mathematics and 
will influence their perceptions of failure and perceived competence (Di Martino & Zan, 2011). 
Attitude has been described as a pattern of beliefs and emotions in a certain subject (Di Martino 
& Zan, 2011). Studies have shown that attitudes and beliefs toward mathematics are predictors of 
student achievement (Niepel et al., 2018). The studies included in this section employed 
multilevel modeling to find predictors of mathematical achievement using student surveys as 
well as focus groups.      
Niepel et al. (2018) used structural equation modeling along with the theory of planned 
behavior (TPB) to demonstrate that mathematics beliefs and attitudes affect a student’s grade 
over time. The TPB focuses on four components: intention, attitude, subjective norms, and 
perceived behavioral control, which can be referred to as perceived competence (Niepel et al., 
2018). The participants of the study attended private middle schools in the United States. Data 
from an ongoing longitudinal study were collected on two occasions. There were 752 
participants in the first data collection and 514 in the second.   
The results of the study showed that a student’s intention to perform well, and perceived 
competence were related to their mathematics grade, while concurrent attitudes, norms, and 
ability predicted intention. Furthermore, a student’s intention to perform well fosters his or her 
perceived mathematical competence (Niepel et al., 2018).   
  While the Niepel et al. (2018) study focused on middle school students and how certain 
components such as attitude and intention can affect student achievement over time, Martinez 
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(2017) used data from a previous study to explore attitudes and academic achievement in 
mathematics. Martinez conducted a study to examine psychosocial attitudes and their effects on 
Latina/o students’ academic achievement in mathematics at the secondary level. The data 
collected for this quantitative study originated from the Educational Longitudinal Study of 2002 
conducted by the National Center for Education Statistics. It is a nationally representative sample 
with over 16,000 participants (Martinez, 2017). The results of the study showed significant 
differences between Latinas/os and non-Latinas/os related to their perceived capacity to learn 
mathematics and enjoyment of mathematics. Latina/o students are significantly less prepared 
than non-Latina/o students in their highest-level math course. Martinez stated the Latina/o 
students’ attitudes lower their motivation to perform well in the classroom, which resulted in 
them being placed in a lower level mathematics class.    
King (2010) examined African American and White students’ experience in mathematics 
classrooms. King focused on students’ mathematical experiences and how to address the 
mathematics achievement gap. Focus groups consisting of 4-6 participants were used for 
interviews. Two groups consisted of White students. One group of White students was 
comprised only of girls that struggled with mathematics while the other group consisted of all 
boys who were excelling in mathematics. There were six groups of African American students 
who were grouped heterogeneously by whether they were excelling or struggling in 
mathematics. King asked about students’ attitudes toward mathematics and each focus group had 
different reasons for those attitudes. The students in the White excelling group expressed positive 
attitudes about mathematics while most students in the struggling White group expressed 
negative attitudes. Positive attitudes were attributed to teacher ability, encouragement, and 
student-teacher relationships. The White struggling group mentioned their attitudes were shaped 
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by their middle and high school experiences. Students, in general, expressed a positive attitude in 
the excelling African American group. Their performance in mathematics, the effort they put in, 
and comments made by teachers and parents about their abilities, were factors that contributed to 
their positive outlook. The African American struggling group discussed being successful in life 
and focused on overcoming obstacles such as paying more attention in class. King mentioned 
that the focus groups, except for the White excelling group, cited the ineffectiveness of the 
teacher’s instruction or mathematics in general as their reasons for their negative attitude towards 
mathematics.   
King (2010) also used the focus groups to understand how home/community and school 
affected attitudes and performance in mathematics. African American students in the struggling 
and excelling groups, along with a few White struggling students found it difficult to identify 
teachers in the elementary or middle school level who provided academic support. White and 
African American excelling students could identify teachers who encouraged and supported their 
enthusiasm for mathematics. King stated that the teacher support perceived by the students 
affected students’ positive or negative experiences in the mathematics classroom.   
When King (2010) asked about preferred instruction, each group had different 
preferences. The White excelling group mentioned hands-on activities, while the struggling 
White group preferred working in groups when the teacher could not be around to help them. 
African American struggling and excelling students reported classroom competitions, using 
manipulatives, learning songs, using flash cards and step-by-step instructions were helpful in 
learning mathematics. The African American struggling groups reported teachers’ breaking 
down a concept using the board to provide examples, while students took notes for reference, 
was beneficial to learning.   
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Niepel et al. (2018) and Martinez (2017) identify a correlation between attitude and 
achievement, while King (2010) delves into the reasons for this correlation. King stated that 
students perceived teacher instruction and teacher attitudes toward students to be an important 
aspect of their learning. Furthermore, Martinez (2017) stated there was evidence that student 
self-efficacy (capacity to learn mathematics and achievement) for students of different races 
correlate to their enjoyment of mathematics. While Niepel et al. and Martinez used quantitative 
data to explore attitudes and mathematical achievement, King used focus groups to explore 
students’ perceptions of mathematics and gave more insight as to why students may have certain 
attitudes toward mathematics.   
In this section of the literature review, I focused on studies pertaining to student attitudes 
toward mathematics. In the next section, I will discuss the literature that includes students’ 
perception of homework. A few studies in the literature focused on homework in the general 
sense, while other studies are specific to homework in mathematics.   
Student Perceptions of Homework 
Students often view homework as routine and boring, and their attitudes toward 
homework become more negative as they get older (Xu, 2008). Some students view homework 
as getting in the way of more attractive activities after school (Xu, 2008). In this section of the 
literature review, I focus on students’ perception of homework, which may be affected by how it 
is used by the instructor. 
 Metropolitan Life Insurance Co. (MetLife) surveyed 2,101 students in grades 3-12 about 
homework in 2007. Although parents and teachers were included in the survey, I am including 
only student responses in this discussion. The students completed the survey in their English 
class or online. Seventy-seven percent of the students in the survey believed homework was 
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important, while 69 percent agreed that homework helped them learn more in school. Students 
who did not plan to attend college and had grades of C or below thought homework was not 
important. Twenty-six percent of the students surveyed felt that homework was busywork 
(MetLife, 2007).   
The results of the MetLife (2007) survey showed that lower achieving students spent less 
time on homework and completed homework less frequently than high achieving students. Also, 
minority students value the importance of homework more than white students. However, they 
are more likely to have friends that make fun of students who always do their homework. 
 Landers (2013) used case studies to show the relationship among the meaning of 
homework, student identity and participation in completing homework. Landers considers 
homework as a social practice. Students’ experiences with school, family, social groups, and 
their life in the USA affect how they perceive and participate in completing homework.   
Landers (2013) discussed the cases of Trey and Nick. Both students had similar 
characteristics. They were athletic, popular, and came from single-parent households. However, 
the difference between Trey and Nick was how they accepted the value of homework. Trey was 
positive about mathematics and his mathematical abilities and used that for motivation to 
complete his assignments. He felt that homework was important and to be successful he had to 
balance academics with his social life. Nick, on the other hand, rejected the value of homework 
even though he understood homework was connected to grades and success. He felt that it was 
not relevant to his life and mathematics was boring. Nick felt in order to be popular, he did not 
have time for homework and ultimately failed the course. 
  Shumow et al. (2008) had a different approach to researching homework and students’ 
motivation compared to the other studies included in this section of the literature review. They 
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examined how often students reported homework as a primary activity and tested whether an 
adolescents’ mood and ratings of work habits vary when homework is a primary or secondary 
activity. Shumow et al. used the Experience Sampling Method, in which participants wore 
wristwatches that emitted eight signals each day. The watches used in this study beeped 
randomly in two-hour time blocks during the students’ waking hours, and no two signals were 
closer than 20 minutes apart. For each signal, the students had to respond to a brief 
questionnaire, which included questions about their location, activities, companions, and moods.  
The students’ received approximately 34 signals during the week it was used. The participants in 
the study included 331 adolescents from middle and upper-middle class communities and were 
predominantly White. Questionnaires and semi-structured interviews were also used to collect 
data.   
 Shumow et al. (2008) reported that 23% of all adolescents’ responses occurred while 
doing homework and spent approximately 3.7 hours a day on homework. Homework was a 
primary activity 77% of the time, and 65% of the homework response occurred at home. 
Students reported higher levels of negative emotions when homework was the primary activity 
and students were positive when they were with someone when completing homework.   
 Although the Experience Sampling Method is an interesting way to catch participants in 
the act of doing homework, one week does not seem to be an adequate amount of time to collect 
data to understand how a student completes homework. Homework could vary from week to 
week, class to class. Also, the study did not mention which subject the homework was assigned 
from. It would be interesting to know how often mathematics homework was assigned.   
The primary and secondary activity piece of this study was to show a student’s effort and 
motivation for doing homework. Some students reported multitasking while doing homework, 
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which included watching or listing to media (Shumow et al., 2008). This study did not focus on 
student achievement, although the students’ reported their cumulative grades in school. Shumow 
et al. (2008) stated that “motivational aspects of homework experiences such as interest, control, 
and enjoyment were positively related to self-esteem; effort was related positively to both self-
esteem and grades” (p. 21).   
 Xu (2008) addressed concerns that previous studies focused only on middle-class 
Caucasian students, such as the previous study by Shumow et al. (2008). The participants in this 
study included 1895 students from diverse cultural and socioeconomic backgrounds (1046 eight 
graders and 849 eleventh graders). Xu used multilevel analyses on a homework survey given to 
participants. The survey response rate was 88.9% and included questions involving: students’ 
demographic characteristics, parental level of education, favorability of homework, motivational 
orientation toward homework, extent to which teachers provide homework feedback, and the 
level of homework interest as perceived by students. The results of the study showed that 
homework interest correlated with all of the other data except grade level and parent education at 
the student level and parent education at the class level. Student interest in homework occurred at 
the student level and was a function of each student’s characteristics and experiences (Xu, 2008).  
Also, student attitude toward homework was positively associated with homework completion 
(Xu, 2008). 
 Letterman (2013) surveyed 180 undergraduate students enrolled in certain Principles of 
Finance and Corporate Finance classes at a university. The purpose of the study was to 
understand students’ perception of homework and identify factors that influenced their 
perceptions. Although the participants were college students, Letterman also asked questions that 
pertained to the students’ high school experiences with homework. Letterman stated that the 
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students viewed homework completion as an important task but felt homework at the high school 
level was “busy work” and that homework should be included in their course grade.   
 Burriss and Snead (2017) focused on middle school students’ perceptions of homework 
assignments. Participants included 506 students from four middle schools in grades 6-8. The 
survey consisted of seven open-ended questions which included: why teachers give homework, 
how much time is spent on homework, and if teachers grade their homework, how much does it 
count towards their final grade. The results of this study indicate that some students believe 
homework helps support their learning and prepares them for high school. However, many 
students in middle school do not believe that homework benefits learning and that it is “busy 
work” (Burriss & Snead, 2017).    
Burriss and Snead (2017) mentioned that there was a variety of responses regarding who 
grades the homework and if it is counted towards their grade. One-third of the students reported 
that homework was not counted toward their grade while the others reported homework counted 
anywhere from less than 25% to more than 51% of their grade (Burriss & Snead, 2017). The 
results of the survey showed that some students did not know how homework was assessed, 
some teachers did not grade the homework (students graded it) and that some homework was 
graded on accuracy (Burriss & Snead, 2017).   
 The studies conducted by Letterman (2013) and Burriss and Snead (2017) show that 
students perceive homework differently at different levels. Although there are some students at 
the middle and high school level that understand the value of homework, most consider it “busy 
work”.  At the college level, students may understand the value of homework but feel that if they 
take the time and effort to complete it, it should be included in their final grade. Therefore, if 
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homework is not included in a student’s final grade, there may be no motivation for the student 
to complete the homework. 
 Most of the studies in this section of the literature review use quantitative survey data to 
describe students’ perceptions of homework. Although Burriss and Snead (2017) ask students 
open-ended questions about homework, some students did not answer all seven questions. The 
inclusion of student interviews to get a better understanding of the students’ responses may 
strengthen the authors’ claims. When searching for perceptions of homework, I only found one 
qualitative study that was conducted since 2007.   
The next section of the literature review includes data from national and international 
studies to examine how student perceptions of homework, homework quality, and emotions can 
predict student achievement. The literature included in this section informed the framework that I 
use for this study and demonstrates the importance of considering student attitudes and emotions 
while completing homework and how these attitudes and emotions can affect student 
achievement.   
Homework and Student Learning  
 Zhu (2015) stated that homework, as a variable, is difficult to study because the impact 
of homework can be affected by students’ attitudes toward homework, understanding of the 
purpose of homework, and their academic achievement. Cooper et al. (2006) conducted a review 
of studies related to homework from studies published between 1987 and 2003. The review 
focused on the connection between homework and achievement. Cooper et al. concluded that the 
amount of homework students complete has a significant and positive relationship with student 
achievement, and noted the relationship is greater for secondary students.  In this section of the 
literature review, studies of how homework can affect learning and achievement are discussed.   
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McMullen (2007) used multivariate regression analysis to examine the effect of students’ 
time completing homework on achievement tests as well as the impact of assigning additional 
homework on achievement. The data for this study were obtained from the National Education 
Longitudinal Study of 1998, which included follow up surveys from 1990 and 1992. Teacher and 
school counselors were included in every wave of the survey, while parent surveys occurred in 
the first and third wave only. The students participating in the study were in the 8th grade in 
1998. However, after excluding many students due to missing data and other reasons, the 
resulting sample for McMullen’s study included 17610 observations on 7902 students. The 
results showed that if time spent on homework and the amount of assigned homework were 
increased, the achievement of the low-performing students and those in low-performing schools 
would improve.     
In a similar study, Maltese et al. (2012) used a multilinear regression model to explore 
the association between time spent on homework with students’ final course grades and 
standardized test scores for mathematics and science. Maltese et al. accounted for differences in 
demographic background, academic engagement and prior academic achievement. The data for 
the study were obtained from the National Education Longitudinal Study (NELS) of 1990 and 
the Educational Longitudinal Study (ELS) of 2002. NELS provided data related on mathematics 
and science, while ELS provided data on mathematics only. Although the data from NELS may 
be outdated, it allowed for Maltese et al. to compare the math results across a span of 12 years, 
which in turn allowed them to assess the stability of the findings over time. Surveys were 
collected from 10th-grade students enrolled in science and math courses. Maltese et al. also used 
transcripts from the participants to determine their final course grade that year. 
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Maltese et al. (2012) stated that in 1990, students reported the average daily time they 
spent on homework as 33 minutes for science and 37 minutes for math, while the time in 2002 as 
60 minutes. Students completing one to two hours of daily homework had the highest test scores 
(Maltese et al., 2012). The results of their study showed that there was no consistent relationship 
between a student’s time spent on homework compared with final course grades. However, there 
was a strong positive association between time spent on homework and standardized test scores 
(Maltese et al., 2012).    
Maltese et al. (2012) stated most of the studies reviewed by Cooper et al. (2006) 
examined the amounts of homework reported by the students and their performance on 
achievement tests. Maltese et al. wanted to add to the literature by looking at students’ transcripts 
and use the students’ final course grade. However, a student’s final course grade has too many 
variables that could affect the outcome of the grade, such as: attendance, class participation and 
group work (Maltese et al., 2012). Maltese et al. mentioned this may be a reason for the no 
consistent relationship between homework and final course grades.  
Grodner and Rupp (2013) state that homework has an important role in student learning 
and explored the effects of homework assignments on student test performance. Their study 
included students in the same microeconomics class. The students were randomly assigned to a 
homework-required or homework-not required group. Each homework assignment was 20 to 25 
multiple choice questions from the textbook’s test bank and students turned in their homework 
on Scantron sheets. Homework was weighted at ten percent because Grodner and Rupp did not 
want to overemphasize homework but still count it as part of the course grade, so students would 
not ignore it. Although homework was weighted at ten percent, grading for students in the same 
course would differ depending on the group to which they were assigned. One group’s grade was 
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based 100% on tests. The other group’s grades were based on a weighting of 90% tests and 10% 
homework.    
Grodner and Rupp (2013) found that students were more likely to remain in the 
microeconomics course, have better course grades, and perform better on tests when they were 
required to do homework. The lowest homework score in the microeconomics course was 
dropped, which affected the study because some students chose not to complete the last 
homework assignment (Grodner & Rupp, 2013). Interestingly, 61% of the homework-required 
group completed every assignment while only 3% of the not-required group completed every 
assignment. It is not known if the 61% of the students who completed all the assignments were 
being cautious about the lowest grade being dropped or if they completed it because they 
understood it helped them on the tests. Also, 90% of the homework group completed the 
required assignments compared to only 6% of the not-required group. Overall, students in the 
homework-required group had higher test scores, more grades of B or higher, and lower failure 
rates. Requiring homework was more effective among students who initially performed poorly in 
the course (Grodner & Rupp, 2013).   
Grodner and Rupp (2013) stated that requiring homework may have improved student 
performance by creating a uniform distribution of student effort in the course. Instead of students 
cramming for a test, they were studying while doing their homework. Also, students who 
completed homework had a better idea of what material they understood before the test and had 
an opportunity to learn from their mistakes on the homework.   
Grodner and Rupp (2013) chose to use the same course and teacher in order to add more 
validity to their study. However, the students were not graded in the same way in terms of their 
course grade. Although the students were aware of the study and chose to stay in the course, the 
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students’ motivation seemed to play a role in the outcome. Students in the homework required 
group exhibited higher motivation levels because homework was a part of their grade.   
Trautwein et al. (2009) used multilevel analysis and path analysis to test the relationship 
between homework and achievement. Data were used from a larger study on homework. The 
study included 1275 students from 70 middle school classes in Switzerland in a course for 
French as a second language. The results of the study showed that homework predicted 
achievement and that homework effort is associated with positive achievement. This study was 
the first to indicate that negative homework emotions are associated with achievement 
(Trautwein et al., 2009). 
The Trautwein et al. (2009) study did not look at mathematics homework. However, the 
studies conducted by Dettmers et al. (2010) and Dettmers et al. (2011) built upon the homework 
model of Trautwein et al. (2006) to explore homework in mathematics. This model predicts that 
“homework motivation, homework behavior, and achievement are influenced by characteristics 
including homework quality” (Dettmers et al., 2010, p.467). Data in both studies were compiled 
from the German extension to the 2003 Programme for International Student Assessment (PISA) 
study. The sample included 3483 high school students in grades nine and ten.   
Dettmers et al. (2010) found homework selection to be positively associated with 
homework motivation and homework behavior. A positive relationship between high-quality 
homework and math achievement at the class level was also discovered. Dettmers et al.’s (2011) 
study showed that perceived homework quality was important in predicting homework-related 
emotions. Therefore, Dettmers et al. (2011) recommended that in order to achieve positive 
emotions toward mathematics homework, teachers should “set interesting homework  
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assignments that are well integrated into lessons, that reinforce classroom learning, and are not 
too challenging” (p. 33).   
Goetz et al. (2012) explored students’ academic emotions in homework and classroom 
settings in high school mathematics. The participants included 553 German high school students.  
The students completed a questionnaire comprised of 160 emotion items which were adapted 
from the Achievement Emotions Questionnaire to include questions about class as well as 
homework. Using multilevel analysis, Goetz et al. stated that homework emotions and classroom 
emotions are conceptually separate. Furthermore, a student’s academic self-concept, which are 
perceptions formed from experience and interpretations of the environment, is strongly related to 
class-related emotions more so than to homework emotions. Goetz et al. explained that other 
factors might contribute more to homework emotions, such as the type of homework students 
receive from teachers.     
The studies in this section included many quantitative studies using data from larger 
studies in which students reported their time spent on homework. The Trautwein et al. (2009), 
Dettmer et al. (2011) and Grodner and Rupp (2013) studies indicate that there may be more to 
homework and its effect on student learning and achievement, such as students’ emotions and 
student perceptions of homework.   
The studies reviewed thus far have shown that students understand the value of 
homework and that emotions and experiences with homework can play a role in how students 
perceive mathematics, which in turn can affect achievement. In the next section, I will discuss an 
intervention that can be used when assigning homework to students. The literature will address 
interleaved versus blocked practice in mathematics with college and middle school students.  
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Interleaved and blocked practice will be defined, and studies will demonstrate how each of these 
interventions can affect the learning process. 
Interleaving and Spacing 
 The studies included in this section of the literature review compare interleaved versus 
blocked practice. Blocked practice is when problems on the same topic are included in 
immediate succession. In blocked practice, students are not given the opportunity to choose an 
appropriate strategy because every problem in the practice requires the same strategy (Rohrer et 
al., 2014). An alternative approach to blocking practice problems is interleaving, where problems 
from one concept are followed by problems from other concepts requiring various strategies to 
be used (Rohrer, 2012). While blocking allows students to infer the concept or procedure before 
they read the problem, interleaving allows students to practice the procedures of the problem as 
well as practice choosing the appropriate strategy. The role of spacing among practice problems 
and lessons is another intervention in the learning process. Spacing describes the schedule of 
exposures to a single concept (timing), and interleaving describes the scheduling of exposures to 
multiple concepts (the order in which they are presented). Rohrer stated that interleaving and 
spacing are two distinct interventions.   
Research has shown that interleaving produces long-lasting benefits for learning 
mathematics (Pan, 2015). Interleaving improves the ability to discriminate between concepts and 
strengthens memory associations (Pan, 2015). When practice is interleaved, each problem is 
different from the last, and students must focus on searching for the proper strategy to solve each 
problem. Each problem brings each strategy into short-term memory and “repeating that process 
can reinforce neural connections between different tasks and correct responses, which enhances 
learning” (Pan, 2015, p. 4). However, in blocked practice, once the student chooses the strategy, 
31 
 
the rest of the problems are solved in the same manner and only the one strategy is held in short-
term memory (Pan, 2015).  
This section of the literature review includes discussion on how the strategies of spacing 
and interleaving can assist with discrimination learning and how it can contribute to student 
achievement in mathematics. 
Discriminating with Categories Using Pictures 
The studies in this section include the use of computers as a tutor for participants to learn 
the different species of birds, butterflies or artwork by different artists. The studies conducted 
more than one experiment to look at different combinations of interleaving and spacing with 
specific interventions. For example, Kornell and Bjork (2008) conducted two experiments where 
they presented paintings of different artists for participants to study in a massed or a spaced 
format. The terms spacing and interleaving were used interchangeably in this article to describe 
the same intervention. Spacing the paintings meant the order to which the artists were mixed in 
with other artists. After the lesson, there was a 15-second delay before the participants were 
tested. The second experiment was similar except that when tested, the participants had to 
categorize their answer as a “familiar artist” or “unfamiliar artist,” instead of matching the artist 
with the painting. The results of both experiments showed spaced learning produced better 
results than massed practice. 
 Kornell and Bjork (2008) were surprised by the results and attempted to make sense of 
what was happening in the two experiments. They explained that spacing facilitates recall. The 
performance was better with spacing than without, because the tests required the participants to 
recall a name, which resulted in spacing being more effective. Kornell and Bjork concluded, 
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“interleaving had the effect of juxtaposing different paintings and therefore might have enhanced 
discrimination learning” (p. 590).  
Birnbaum, Kornell, Bjork, and Bjork (2013) attempted a similar study by conducting 
three experiments using photographs of species of birds and butterflies. They stated the goal for 
their research on interleaving was to discover why it appeared to enhance inductive learning.   
In the first experiment, Birnbaum et al. (2013) used four photos for each species of birds 
in an interleaved order. The spacing of the photos was constant. However, one of the groups was 
presented with a trivia question before every photo while another group experienced eight trivia 
questions after every group of eight photos. The results showed that trivia impaired inductive 
reasoning when it was inserted between every photo. However, inductive reasoning was not 
impaired when the trivia was inserted between each group.   
Meanwhile, the second experiment compared interleaved versus blocked practice while 
also being assigned with a spaced or a continuous presentation. Participants were tested 
immediately after the learning phase. Results showed that interleaving was superior when it was 
presented contiguously while interleaved and blocked practice was not significantly different 
when trivia was used to space out the successive exemplars (Birnbaum et al., 2013). In the third 
experiment, the participants were presented with 16 species of butterflies and were exposed to 
either a small or large spacing condition. The presentation order of the photos was interleaved for 
both groups.  Instead of using trivia questions between the photos for spacing, they filled the lag 
between exemplars using exemplars of other species of butterflies. The results indicated the 
larger spacing (lag filled with 15 exemplars) could lead to better inductive learning than the 
smaller spacing (lag filled with 3 exemplars). Birnbaum et al. stated, “interleaving is valuable for 
inductive learning, and that spacing can be valuable, too, if it does not interfere with 
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discriminative contrast” (p. 401). In other words, adding spacing can impair category learning, 
which appears to be a similar concern of Pashler et al. (2007) who mentioned too much spacing 
could lead to a small decrease in memory performance.   
Carvalho and Goldstone (2014) conducted experiments to test if category similarity 
would make a difference in interleaved versus blocked practice. Participants were either assigned 
to the low or high similarity category. However, all participants experienced both blocked and 
interleaved conditions.    
The first experiment included a study task where participants were presented “blobs” in 
an interleaved and blocked condition and the participants were asked to classify the “blob” into 
one of three species. In the generalization task, the participants were given 24 new “blobs,” along 
with ones they previously viewed during the study task. Participants were asked to classify each 
of them into one of the species they just learned, and then move on to the next one. In the study 
task, the blocked presentation improved performance for low- and high-similarity categories. 
However, in the generalization task, interleaved presentation improved performance for only 
high-similarity. Carvalho and Goldstone mentioned, “interleaved study results in better 
generalization for categories with high within- and between-category similarity, whereas blocked 
presentation results in better generalization for categories with low-within and between-category 
similarity” (p. 481).   
The previous studies showed that interleaving supported discrimination learning 
(Birnbaum et al., 2013) and resulted in better generalization for high within-and between- 
category similarity (Carvalho & Goldstone, 2014). The studies raise questions whether 
interleaved practice produces better results given certain conditions. Yan et al. (2017) 
contributed further to the literature by experimenting with hybrid schedules of interleaved and 
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blocked practice to determine if there was any combination that would exemplify the benefits of 
both types. The hybrid schedules were identified as: blocked-to-interleaved, interleaved-to-
blocked, and mini-block schedules. They stated interleaving appeared to benefit between-
category discrimination while blocking promoted learning within-category commonalities. Their 
study compared blocked, interleaved, blocked-to-interleaved, interleaved-to-blocked, and mini-
block schedules using paintings. In the first experiment, participants studied six paintings by 12 
different artists while experiment two used 12 paintings by 12 different artists. Each participant 
was given one of the five schedules. The results showed none of the hybrid schedules 
outperformed the interleaved schedule. However, mini-block and blocked-to-interleaved was 
shown to be effective for inductive learning compared to the other hybrid schedules. The blocked 
schedule showed the lowest performance.   
Yan et al. (2017) conducted two other experiments which explored participants 
perceptions of the different learning scenarios. They asked participants to self-schedule their 
learning using flashcards to study artists. In both experiments, participants tended to schedule 
and favor the blocked schedule. However, when participants were asked to consider other types 
of learning schedules (the hybrid schedules), most of them stated they would consider the 
blocked-to-interleaved schedule. Similarly, Birnbaum et al. (2013) and Kornell and Bjork (2008) 
asked participants which method they felt was more effective for learning, and the majority 
chose massed (blocked) practice over interleaved practice, even though interleaving was proven 
to be more effective. According to Yan et al., hybrid schedules of interleaving and blocking may 
be useful to learning. They stated it was important to find effective learning strategies and 
encourage learners to use them. The hybrid study strategies may be more appealing to learners 
and provide alternative strategies than just using blocked or interleaved exclusively.   
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Each of the studies in this section included participants at the college level or above and 
did not include mathematics in their studies.  However, the studies showed how interleaved and 
blocked learning are affected by spacing.  Spacing appeared to improve inductive reasoning, 
while interleaving improved generalization but only if the groups were highly-similar.  The next 
set of studies will apply interleaving and spacing in mathematics education.   
Interleaving in Mathematics 
Classroom Practice. Studies in this section on interleaving either focused on comparing 
interleaved versus blocked homework assignments, or students who have been exposed to 
interleaving in the classroom using tutoring programs. For example, Rohrer et al. (2014) 
compared interleaved and blocked practice in a classroom-based experiment with a 
counterbalanced crossover design. For the crossover design, they randomly divided the eight 
classes into two groups of four. One group interleaved their practice on problem types A and B 
and blocked on problem types C and D and the other group reversed the practice. There were ten 
assignments, with twelve problems each, that were spread out over 64 days.  
The students received the lessons and assignments from their regular teacher over nine 
weeks. Teachers also presented a slide show, which contained a review, before the students 
received the assignments. The students then took a test, and the problems on the test were 
slightly dissimilar. Rohrer et al. (2014) concluded that interleaving improved mathematics 
learning by improving discrimination between different kinds of problems, and by reinforcing 
the connection between each type of problem and its corresponding strategy.   
 A similar study conducted by Rohrer et al. (2015) was the first to demonstrate that the 
test benefit of interleaving does not diminish over time and perhaps grows larger. In this study, 
126 seventh-grade students received the same practice problems over a three-month period.  The 
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problems were arranged so that skills were learned by interleaved or blocked practice. The 
practice phase concluded with a review session, followed by one or 30 days later with an 
unannounced test. Compared with blocked practice, the interleaved practice produced higher 
scores on both the immediate and delayed tests (Rohrer et al., 2015).  
 Rohrer et al. (2015) mentioned most practice assignments were arranged to simplify a 
solution and that can be considered a hindrance. When a student chooses a strategy to solve a 
problem, they often find the choice of the strategy to be more challenging than the solution. They 
suggested that students at every level of math must learn to discriminate between different kinds 
of problems with similar overall features.  
The studies in this section included interleaved practice using assignments students 
attained from teachers in a classroom. However, the studies in the next section used tutoring 
systems as a way for students to practice homework. 
Tutoring Programs. Ostrow et al. (2015) replicated previous work by Rohrer and 
Taylor (2007) with middle school students. The students were given brief homework 
assignments and the practice problems were shuffled using a tutoring platform called 
ASSISTments. ASSISTments is a free service of Worcester Polytechnic Institute and is used 
for homework or classwork by students around the world. The system’s library content 
focuses on mathematical skills aligned to the Common Core State Standards. The results of 
the study showed promising effects with interleaving skill content within short homework 
assignments. Student’s use of hints and attempts in the program decreased especially for 
students with low ability. The program was a good source for the researchers to use to 
collect data because they could randomly assign the problems. However, the data included 
two homework assignments, and more should have been used to analyze the data over time.   
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Rau et al. (2010) investigated the effects of blocking versus interleaving multiple 
representations of fractions using a tutoring system. Fifth and sixth-grade students were asked to 
manipulate graphical representations such as number lines, pie charts, or a set of objects to learn 
fractions. Rau et al. discussed how multiple representations could enhance students’ learning, but 
it can also be challenging for students. The results showed there was an advantage to blocking 
representations and for moving from blocked to an interleaved sequence, which conflicted with 
what the researchers thought would happen. The program that was used in the study gave 
feedback to students during the process, which could have affected the outcomes. Some prior 
knowledge may have played a role in the outcome of this study because most fifth and sixth-
grade classes may have already been taught fractions. Rau et al. should have performed the study 
based on new material for the students.   
 Rau et al. (2010) mentioned their study was different because they used graphical 
representations instead of different problem types. In the Carvalho and Goldstone (2014) study 
previously reviewed, interleaving showed better results when the categories were similar. Using 
graphics and pictures versus problem tasks may affect the interleaved versus blocked debate. The 
Rau et al. study may have used the same concept (fractions) for the students to learn. However, 
they used different graphical “categories” (line graph, pie chart, and different objects) in the 
process. Therefore, could learning by way of pictures or graphical representations show different 
results compared to working with different types of math problems?      
Attempting to answer this question Rau et al. (2013) conducted a classroom study where 
they investigated the effects of interleaving task types (while blocking graphical representations) 
and interleaving graphical representations (while blocking task types) using the same tutoring 
system. The study included 158 fifth and sixth-grade students learning fractions. As in the 
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previous study, the tutoring system allowed students to manipulate figures within the program.  
The students worked on the program for five hours spread across five days and were given a 
post-test a week later. The results showed an advantage for interleaving task types over 
interleaving graphical representations. To assess students’ knowledge of fractions, they created a 
computer-based test that included two scales: representational knowledge (interpreting 
representations to make sense) and operational knowledge (solving procedurally by apply 
algorithms). Overall, the results supported that interleaving task types strengthened 
representational knowledge more so than did interleaving the graphical representations (Rau et 
al.), resulting in a greater impact on conceptual understanding than on procedural knowledge.     
The studies reviewed thus far have brought questions about the effectiveness of 
interleaving and whether computers, classroom instruction, homework, or a combination of them 
should be interleaved to improve achievement. The next section will review studies that attempt 
to keep interleaving and spacing separate to examine the effects each have on learning 
mathematics. 
Interleaving versus Spacing 
 Ostrow et al. (2015) mentioned that interleaving has been associated with the spacing 
effect, but few researchers have effectively isolated interleaving. Researchers should examine a 
single session or control for the spacing of content or dimensions of cognitive content (skill, the 
task type, the representation) to interleave for the best results (Ostrow et al.). Taylor and Rohrer 
(2010) compared blocked and interleaved practice along with the spacing of the practice (they 
held the spacing effect constant). Two sessions were completed by 24 ten and eleven-year-old 
students in fourth grade. The students attended a practice session and then a test session, one day 
later, where they were assigned to the interleaved or blocked group. The groups were exposed to 
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the same problems and examples, but the order on which they saw them was different. The 
results showed that interleaving different kinds of practice problems more than doubled 
subsequent scores. However, it weakened performance during the practice session. Taylor and 
Rohrer mentioned the difficulty in the practice session was worthwhile for the test results.   
 Rohrer and Taylor (2007) conducted two experiments to keep the spacing and 
interleaving separated. The first experiment pertained to college students learning to solve one 
type of math problem. The practice problems were massed together in one session or spaced 
across multiple sessions. In the second experiment, students learned to solve multiple types of 
problems, and the practice problems were blocked by type or randomly mixed. The students 
were tested a week later, and the results showed the spaced practice, as well as the randomly 
mixed practiced, were superior. Interestingly in this study, students performed well on the 
blocked practice but did not perform well on the test. However, in the Taylor and Rohrer (2010) 
study, students struggled with interleaving practice but performed well on tests.   
 Sana et al. (2017) demonstrated that interleaved and blocked sequences of learning have a 
different impact on concept induction because they differ in spacing and how they are placed 
together (juxtaposition). They performed three experiments to examine the effects of blocked 
and interleaved schedules on learning concepts in an undergraduate statistics class. Discovery-
based learning was used to learn the statistical concepts in the experiments. Participants did not 
receive lessons or descriptions of the concepts before the study.   
The first experiment examined classification performance with the interleaved and 
blocked schedules, which resulted in significantly better performance in classification.  
Experiment two examined the interaction of the schedules and spacing (spacing versus no 
spacing) on inductive learning and showed interleaved study performed better than blocked 
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without spacing, and there was no difference when spacing was used. Lastly, experiment three 
examined the interaction of the schedules and juxtaposition (simultaneous versus sequential 
sequences), which interleaving performed better than the blocked.   
Sana et al. (2017) concluded:  
Interleaved schedules are effective when problems of different concepts are presented 
(together or individually) with no disruptions in-between the problems. This seems to be 
because interleaving facilitates between-concept comparison that is susceptible to 
disruptions. Blocked schedules are effective when there is some form of temporal spacing 
introduced in-between problems, as the temporal lag allows for some forgetting and 
subsequent retrieval of problem features, memory traces for which are then strengthened. 
(p. 96) 
The studies in this section of the literature review showed the complexity of learning taking 
place when different schedules interact with timing in the learning process. Inconsistencies in the 
literature related to the use of definitions and terms which represent interleaving, blocked, and 
spacing add to the complexity of this literature. Rohrer (2012) stated that interleaving and 
spacing are two distinct interventions. Spacing describes the schedule of exposures to a single 
concept and interleaving describes the scheduling of exposures to multiple concepts. However, 
Kornell and Bjork (2008) used spacing and interleaving interchangeably in their study.   
Most of the studies in this section of the literature review referenced short-term learning, 
because the testing occurred not too long after the lessons. The classroom studies by Rohrer et al. 
(2014) and Rohrer et al. (2015) appeared to be the only studies that tested interleaving in respect 
to how students learn in a K-12 classroom, more specifically with middle school students. There 
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are gaps in the literature for studies on interleaving with elementary and high school students and 
how interleaving would affect different populations of students. In conclusion: 
Previous results suggest that the effect of interleaving depends on a number of variables 
that affect the relative ease with which participants can infer what links items within a 
category and can infer what differentiates categories. It is the interleaving of the category 
members that is critical in enhancing inductive learning (Zulkiply & Burt, 2013, p.25). 
Summary 
Fundamentally, the current research is about students’ experience with homework that is 
interleaved. In order to ground the study in literature, I explored studies that focused on student 
attitudes toward mathematics, homework and student learning, students’ perception of 
homework, and interleaving and spacing. In the literature, researchers showed that student 
attitudes and beliefs about mathematics could predict a student’s intention to perform well in 
mathematics (Niepel et al., 2018). Additionally, a student’s intention can affect their perceived 
competence in mathematics as well as their grade (Niepel et al., 2018). King (2010) reported that 
students perceived teacher instruction and teacher attitudes toward students to be an important 
aspect of their learning. If those experiences are negative, it lowers the students’ motivation to 
succeed and the students may be placed in lower level math classes (Martinez, 2017).   
In the literature regarding homework, students’ perceptions of homework change over 
time. At the middle school level, students may understand the importance of homework, but 
homework can interfere with their social life. Therefore, it is not a priority (Landers, 2013).   
Some middle and high school students feel homework is busy work (Burriss & Snead, 2017; 
Letterman, 2013; MetLife, 2007) while other students, especially at the college level, think 
homework is useful, but rarely complete it unless it counts toward their grade.  
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The review of the literature shows that interleaving and spacing improve discrimination 
learning and could be beneficial in the mathematics classroom (Rohrer et al., 2014; Rohrer et al., 
2015). Interleaving and spacing homework assignments might provide students with enough 
homework quality that is needed to support positive emotions for mathematics students. Having 
those positive emotions can help improve students’ attitudes towards homework and 
mathematics which can ultimately lead to increased student achievement.   
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CHAPTER 3: METHODS 
There is an increasing interest among educators, policy makers, and researchers to 
identify instruction that can raise achievement levels and promote equity (Lubienski, 2006). 
Research on interleaving assignments in the classroom setting has shown to increase test scores 
(Rohrer et al., 2014; Rohrer et al., 2015). However, little is known about student perceptions of 
interleaved homework assignments or how interleaved homework assignments affect different 
populations of students. In this study, I explored students’ experiences when assigning 
interleaved homework in high school mathematics classrooms.  
  In this chapter, I discuss the overall research design and methods I used in this study. 
After a brief statement of the purpose of the study and research question, I will describe the 
research design. Next, I will explain how participants were recruited and how interleaving was 
incorporated in the homework assignments. I describe the data collection analysis and conclude 
by discussing the issues of trustworthiness and ethics.  
Research Question 
The purpose of this study is to address student voice on interleaved homework. 
Therefore, the research question for this study is: What are high school students’ experiences 
with interleaved homework assignments? I used Dettmer et al.’s (2011) framework to focus the 
study. Following the homework model, and to understand the high school students’ experience 
with interleaved homework, I looked at: students’ perceptions of interleaved homework, their 
feeling of competence when completing the interleaved homework assignments, their beliefs 
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concerning homework, their emotions while completing interleaved homework, and their 
homework effort. 
Research Paradigm 
My overarching research paradigm is pragmatism. A researcher with a pragmatic view 
uses multiple methods of data collection because it is the best way to answer the research 
question (Creswell, 2007, 2014). Kalolo (2015) stated that “a pragmatic perspective is regarded 
as an intervention approach that is likely to guide what should be done to produce successful 
educational research outcomes” (p.151). Also, pragmatic perspective guides the questions that 
assess the success of educational interventions (Kalolo, 2015). Thus, researchers who are 
influenced by pragmatism attempt to link educational theories to practice, as well as describe and 
attempt to solve educational issues in their contextual setting (Kalolo, 2015). As described in 
chapters 1 and 2, I am linking Dettmers et al. (2011) framework to this exploration of student 
perceptions of interleaved homework assignments. 
Research Design 
This qualitative study is an exploratory, embedded comparative case design. The study 
incorporated multiple forms of data to explore, in two different class settings, high school 
students’ experiences with interleaved homework assignments. Case studies are frequently used 
in educational research because they provide an opportunity to examine a particular educational 
phenomenon (Merriam, 1998). According to Scholz and Tietje (2002), an “embedded case 
design allows for both qualitative and quantitative data and strategies of synthesis or knowledge 
integration” (p.14). Furthermore, an exploratory case study assists in gaining an understanding 
into the structure of phenomenon (Scholz & Tietje, 2002).  
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 I used the case study approach to explore students’ overall experiences with interleaved 
homework in high school mathematics classes. According to Yin (2009), a single case can 
include subunits of analysis. The subunits can provide opportunities for extensive analysis that 
can enhance insights into the case (Yin, 2009). The subunits for this case study include students 
in the two classroom settings. Baxter and Jack (2008) stated that it can be powerful to look at 
subunits that are situated within a larger case. This allows the data to be analyzed “within the 
subunits separately (within case analysis), between the different subunits (between case 
analysis), or across all of the subunits (cross-case analysis)” (Baxter & Jack, p. 550).    
Embedded case studies allow for “a multiplicity of methods that may be applied within 
the subunits” (Scholz & Tietje, 2002, p. 10). This case study includes questionnaires, which 
include open-ended questions, semi-structured interviews, homework assignments, and a 
cumulative test. In case study research, researchers can integrate survey data, which can facilitate 
a holistic understanding of what is being studied: each data source contributes to the researcher’s 
understanding of the study as a whole (Baxter & Jack, 2008).   
Study Context 
The specific school chosen for the site of this study was a convenience sample selected 
because the administrators and teachers were colleagues and willing to participate. The school 
campus houses the neighborhood high school along with an arts school. Students from both 
schools take their general education courses together, while each school offers different elective 
courses. The total enrollment for both schools is approximately 2100 students, with about 450 of 
those enrolled at the arts school (National Center for Education Statistics. Retrieved November 
4, 2018). 
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The student participants were recruited from two different levels of algebra mathematics 
courses taught by two different teachers. Teacher A taught a remedial Algebra 1 course. 
Homework was given at least twice a week and, depending on the concepts, consisted of five to 
ten problems. Teacher A rarely used the workbook from the course materials included with the 
Algebra Nation textbook, but often created homework problems using worksheets from the 
internet or a software program the school purchased, called Kuta Software. Teacher A graded the 
homework for completion and the homework grade was calculated to be approximately 40% of 
the student’s grade along with classwork. Teacher A had been teaching over 10 years in middle 
school and has just recently moved to high school. 
Teacher B taught the Honors Algebra 2 course. Homework was given at least twice a 
week and was taken from the workbook from the course materials provided with the Prentice 
Hall Algebra 2 textbook. Teacher B graded the homework for completion and the homework 
grade was calculated to be approximately 40% of the student’s grade along with classwork. 
Teacher B had been teaching for over 10 years at different levels in several schools.  
All students in each of the two high school mathematics courses experienced interleaved 
homework assignments for five weeks as a normal part of their educational activities in the 
courses. Those students who assented to participate in the research and whose parents consented 
to participate in the research agreed to have their class assignments analyzed for research 
purposes and they also agreed to participate in an interview about their experiences. 
Researcher Background 
 My experiences as a mathematics teacher for 24 years in middle and high school led to 
my interest in interleaving. I have been intrigued with interleaving since I was introduced to it 
while completing my Ph.D. coursework. My curiosity stems from my students’ struggles with 
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remembering previously learned math concepts whether it be from years before or from the last 
unit that was covered. 
Through the years I have taught all levels of mathematics including the Honors Algebra 2 
and Algebra 1B course involved in this study. With my experiences teaching those courses, I was 
familiar with the curriculum and this allowed me, along with my Ph.D. coursework, to 
successfully collaborate with the teachers to ensure the quality needed to create the interleaved 
homework assignments for each course. I met with the teachers prior to the study to discuss the 
interleaving homework intervention and the upcoming topics to be covered. After, I met with 
each teacher once a week to discuss the upcoming assignments and assist where needed. 
Consent Process 
A consent form including a cover letter explaining the study’s focus on students’ 
perceptions of interleaved homework was given to students in an envelope to take home to their 
parents. The cover letter requested that the parents have the students return the consent forms to 
school. The parents and students were asked to return the parent consent forms and student 
assent forms in the sealed envelope (that was provided) to school within a week. If parents 
wanted to participate, they signed the forms. If they did not want to participate, they returned 
unsigned forms. If envelopes were not returned within a week, a letter was sent home to remind 
them to return the forms in the sealed envelope. At the same time, students were given the assent 
form and envelope in class and were given instructions on returning the assent form in the 
envelope. They were assured that their instruction or grade would not be affected based on their 
decision to participate or not. Students were asked to return their assent forms in the sealed 
envelope within a week. I contacted students who did not return their consent forms within a 
week. All consent forms were stored in a locked cabinet in my advisor’s office.   
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After students completed the student questionnaire and I received the consent forms, I 
selected three students from each of the two courses, who agreed to participate, for the case 
study. To achieve maximum variation in the cases, to the extent possible, I selected students who 
had different attitudes toward mathematics, which was determined by their responses to the pre-
intervention student questionnaire after the blocked homework assignments were given. 
Interleaving Homework Intervention 
The first two weeks of the study consisted of the baseline phase. Students received 
approximately four blocked (not interleaved) homework assignments before the first 
administration of the questionnaire. Next, the students were introduced to interleaved homework 
throughout the duration of the study. For an example of a blocked and interleaved homework 
assignment see Appendix A. There were four concepts interleaved in the Honors Algebra 2 
course and five concepts in the Algebra 1B course. The concepts for interleaving came from the 
course standards and aligned with the cumulative test. 
The teachers assigned homework two or three times per week. I provided support to the 
teachers as they created the interleaved homework assignments based on a modified version of 
Rohrer’s (2009) equation for creating a mixed practice set of problems: 
“Six problems on Lesson n (including procedural problems, word problems, etc.), three 
problems on Lesson (n - 1), two problems on Lesson (n - 2), one problem each on 
Lessons (n - 3), (n - 4), (n - 5), (n - 10), (n - 20), (n - 40), (n - 60), and (n - 90)”, (p.5).   
Each homework included 4 to 6 problems from the current lesson and then interleaved problems 
from previous lessons until a total of 10 to 12 problems were on the assignment. Therefore, the 
students were exposed to each concept on at least three or four different homework assignments. 
The problems were taken from the Prentice Hall Algebra 2 course materials for the Honors 
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Algebra 2 course, while the Algebra 1B problems were taken from Algebra Nation course 
materials. I collected the homework assignments and examined them for completeness and 
accuracy. Each homework assignment included an area for students to record the time they spent 
on each homework assignment in minutes and rate the difficulty of the homework assignment 
from 1 to 10, where 1 is easy and 10 is difficult. 
 I used a rubric to grade the homework assignments (Appendix B) and used Microsoft 
Excel spreadsheets (Appendix C) to record the completion and accuracy of the homework 
assignments. I also used the Excel spreadsheets to record time spent on each homework 
assignment and the students’ rating of the homework difficulty level. Lastly, I broke down each 
homework assignment into concepts and recorded the completion and accuracy of the concepts 
on the spreadsheets.  
Data Collection Methods 
Several forms of qualitative data were collected for this study which included: student 
questionnaires, homework, semi-structured interviews, a journal, and a cumulative test.  
Cumulative test 
 Both class settings took a cumulative test related to their course at the conclusion of the 
interleaved homework intervention. There were 25 problems on the Honors Algebra 2 
assessment and 20 for the remedial algebra class. Approximately fifty percent of the questions 
were related to the interleaved assignments. I supported the teachers as they created the test for 
each course to align with the concepts that were interleaved as well as other concepts students 
learned during the courses.  
Journal 
I kept a journal to document the process of interleaving the homework assignments 
during the study. I used a journal data collection form (Appendix D), which included questions 
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to guide my journal entries. I made an entry in the journal to document the interleaved 
homework items assigned, the creation and administration of the cumulative test, along with my 
collaboration sessions with each teacher. I made a journal entry every day I collaborated with the 
teachers and collected data.  
Student Questionnaire 
 All students completed the student questionnaire about their perceptions of mathematics 
and experiences with homework two times during the study (Appendix E). The results from the 
pre-intervention questionnaire were used as a tool to select participants from among all students 
who consented and assented for participation in this study. One set of questions on the student 
questionnaire included a subscale of the 2015 TIMSS study. The TIMSS is an international 
study, and its instruments have undergone extensive psychometric evaluation (Martin, Mullis, & 
Hooper, 2016). The questionnaire also included open-ended items about students’ perceptions of 
past and present homework experiences.  
Semi-structured interviews 
 Interviews were conducted with students who voluntarily agreed to participate in the case 
study. Based on the results of the pre-intervention questionnaire, I chose three students from each 
course to participate in the interview process, and all six agreed to be interviewed. Prior to 
conducting the official case study interviews, I asked one student from the volunteer list who was 
not chosen for the case study, to participate in an interview so I could practice using my 
interview questions, ensure they were understandable to the student, and that they elicited the 
data in which I was interested. The interviews took place at the end of the semester when grades 
were finalized. Questions were created for the semi-structured interviews that relate to student 
perceptions of interleaved homework and mathematics (Appendix F). I brought the student’s 
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completed homework assignments and cumulative test to the interview to assist with students’ 
explanations of homework and to elicit conversations about student effort. The interview also 
allowed students to elaborate on their answers to the student questionnaire. I transcribed the 
interviews to use for analysis purposes. 
Data Collection Strategy 
 With the multiple forms of data collected in this study, I developed a data collection 
timeline (see Table 1). The first two weeks of the study were used as a baseline phase to look at 
completion and accuracy of the assignments. Students received approximately four blocked (not 
interleaved) homework assignments before the first administration of the questionnaire. Next, the 
students were introduced to interleaved homework throughout the duration of the study. The 
student questionnaire also was given after the intervention was completed. The interviews took 
place after the grades are finalized. 
Table 1 
Data Collection Strategy 
Week Data Collected 
1 Two blocked assignments 
2 Two blocked homework assignments and 
Questionnaire 
3 Two interleaved assignments 
4 Two interleaved assignments 
5 Two interleaved assignments 
6 Two interleaved assignments 
7 Two interleaved assignments  
8 Cumulative test and Questionnaire 
9 Semi-Structured interviews 
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Data Analysis Procedures 
Several forms of data were collected for analysis including: semi-structured interview 
data, a journal, student questionnaire, cumulative test, and homework. Table 2 shows the data 
analyzed in response to Dettmer et al.’s (2011) framework as well as student attitudes toward 
mathematics. Triangulating the data involves examining multiple data sources to search for 
convergence of those sources to build a justification for themes in the study (Creswell, 2014; 
Creswell & Miller, 2000). To strengthen the validity of the study, the data from all five sources 
were triangulated. The subunits of the case study (individual students) were analyzed separately 
(within-case) and together (cross-case) using a replication strategy (Yin, 2009). Each subunit was 
analyzed in-depth and examined to see if any patterns existed between them. More specifically, 
each subunit consisted “of a ‘whole’ study, in which convergent evidence is sought regarding the 
facts and conclusions” (Yin, 2009, p.56).  
Table 2 
Data Analysis  
Elements of the Framework                            
(Including Perceptions of Mathematics) 
Data Use for Analysis Numbers Corresponding to 
Framework in Chapter 1 
   
Homework Quality – Student Level 
(Students         perceptions of interleaved 
homework)  
 
Questionnaire 
Semi-structured 
interviews 
 
1b 
Expectancy Beliefs (Student perceived       
competence) 
Questionnaire 
Semi-structured 
interviews  
Homework Data 
Cumulative test 
 
2a 
Value Beliefs (Student perceived cost of 
doing homework) 
 
Questionnaire 
Semi-structured 
interviews 
 
2b 
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Table 2 (continued) 
Homework Emotions Questionnaire 
Semi-structured 
interviews 
3 
   
Homework Effort Homework data 
(completion/accuracy) 
4 
   
Perceptions of Mathematics Questionnaire 
Semi-structured 
interviews 
n/a 
 
Homework 
I analyzed students’ completion and accuracy of the interleaved homework along with 
student answers on the cumulative test as well as the student interview data to look for 
relationships. More specifically, the interview data pertaining to students’ perceptions of 
homework effort and accuracy. For each blocked and interleaved homework assignment, I 
recorded the total percentage of students’ accuracy and completeness. This allowed me to look 
for consistencies with students’ accuracy and effort displayed on their homework to their self-
reported effort and accuracy on homework.   
Cumulative Test 
The test results were used to support the data that pertain to student perceptions of the 
value of homework and their competence while completing the interleaved homework 
assignments. Although the study is not focused on student growth and achievement, I felt it was 
necessary to use a cumulative test to help triangulate the data regarding student effort and 
competence. I analyzed the students’ performance on each concept on the test and compared 
them to the students’ accuracy of the same concepts that were interleaved on the homework 
assignments. This assisted in understanding the relationship between items that were completed 
on interleaved assignments and growth on those same items from the homework to the test. The 
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data were used to compare with the students’ perceptions of their competency and effort of 
homework assignments.  
Student Questionnaire 
The first section of the questionnaire used a Likert scale. I assigned the responses to the 
questionnaire a number:  1- agree a lot, 2- agree a little, 3 – disagree a little, 4 - disagree a lot. 
The questionnaire included both positive and negative statements about mathematics. To keep 
the data consistent, I reversed the numbering for seven of the statements, which are considered 
negative. Therefore, the lower the score, the more positive the student feels about mathematics. 
After the last administration of the student questionnaire, I used the data to look for patterns and 
triangulate with the interview data pertaining to student perceptions of mathematics. The second 
section of the student questionnaire was used to support the interview data pertaining to their 
perceptions of interleaved homework assignments. I scanned for the same words or phrases in 
the questionnaire that match the data from the interviews.  
Journal 
I referred to the journal frequently during the data analysis process. I read my journal 
entries every few weeks to gain insight into past decisions and conversations I had with the 
collaborating teachers.  
I used MAXQDA, a qualitative data analysis tool, to code the data. I analyzed the data 
from the journal for the two classroom settings separately, and then compared them. I analyzed 
journal data using thematic analysis (Table 3) as described by Braun and Clarke (2006). Before I 
began analyzing the journal, I read the journal several times to develop an understanding of the 
data. For coding I used two different stages of coding as suggested by Saldana (2013). As a way 
to summarize segments of data, I used In Vivo coding for the first cycle of coding (Miles et al., 
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2013). In Vivo uses words and short phrases from the participant in the data record as codes 
(Miles et al., 2013). Pattern coding was used for the second cycle to group the summaries into 
smaller categories or themes (Miles et al., 2013). One of the functions of pattern coding is to 
assist with cross-case analysis by bringing to light possible common themes (Miles et al., 2013). 
Table 3 
Thematic Analysis Guidelines 
Phase Description of the process 
1. Familiarizing yourself with   
your data: 
Transcribing the data and reading several times and noting initial 
ideas. 
2. Generating initial codes: Coding the interesting features of the data systematically for the 
entire data set and classifying data relevant for each code. 
3. Searching for themes: Organizing codes into possible themes and gathering data relevant 
to each theme. 
4. Reviewing themes: Check if the themes work in relation to the Level 1 codes and the 
Level 2 codes (entire data set) to generate a ‘map’ of the analysis. 
5. Defining and naming 
themes: 
Continue to analyze to enhance each theme specifically. 
Generating clear definitions for each them and the story the 
analysis tells.   
6. Producing the report: The last opportunity for analysis.  Select vivid, fascinating 
excerpts and relate back to the research question and literature to 
produce a scholarly report of the analysis.   
Note. Adapted from “Using thematic analysis in psychology,” by V. Braun and V. Clark, 2006, 
Qualitative research in psychology, 3(2), p. 87 (https://doi.org/10.1191/1478088706qp063oa). 
Copyright 2006 by Taylor and Francis. 
Semi-Structured Interviews 
Interviews were conducted with the students who voluntarily agreed to participate in the 
case study. The interviews took place at the end of the semester after grades were finalized. The 
interviews were transcribed. I used MAXQDA a qualitative data analysis tool, to code the data. 
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I analyzed the interview data using thematic analysis (see Table 3) as described by Braun 
and Clarke (2006). Before I began analyzing the interviews, I read the interview transcripts 
several times to develop an understanding of the data. I used two different stages of coding as 
suggested by Saldana (2013). As a way to summarize segments of data, I used In Vivo coding 
for the first cycle of coding (Miles et al., 2013). Pattern coding was used for the second cycle to 
group the summaries into smaller categories or themes (Miles et al., 2013).  
Steps to Analyze the Data 
 As data were collected, I used an informal analysis to scan the journal, homework, and 
student questionnaires every two weeks to become familiar with the data and possible themes 
that may be emerging. I also looked at the data to see if the data collection instruments needed to 
be altered.  
During the formal process of analyzing the data, I brought all the data together and 
organized it by embedded case. For each student, I used the data collected from the interview, 
their homework, cumulative test, and the pre-post intervention questionnaires to provide a rich 
description of the student’s experience with the interleaved homework. I included the student’s 
perceptions of homework and mathematics before and after the interleaved homework 
experience as well as provided their progress in the classroom in respect to homework and the 
cumulative test.  
The constant comparative method has been widely used in qualitative research to 
generate findings because it is inductive as well as comparative (Merriam & Tisdell, 2015). I 
used constant comparative methods to look for similarities and differences in the data with each 
student (Glaser and Strauss, 1967). Constant comparative methods can be used to compare: data 
with data, data with category, category with category, and category with concept (Merriam & 
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Tisdell, 2015). In this study, the data comes from the cumulative test, journal, homework, student 
questionnaire and semi-structured interviews. While analyzing the data separately for each 
student, categories or themes may emerge, and some of those categories can be related to form 
concepts. For example, a category may emerge in one of the semi-structured interviews and I 
may go back to the homework, questionnaire, or even another student, to look for data related to 
that category.  
I replicated the analysis for each student participating in the study. The analysis began 
with the constant comparative method described above for each student. Next, I analyzed the 
data for the students in the same classroom setting. I looked for similarities and differences for 
each data source as well as common themes that emerge. Finally, I compared the results from 
each class setting and looked for similarities and differences in the data.   
Trustworthiness 
Research studies “need to present insights and conclusions that ring true to readers, 
practitioners, and other researchers” (Merriam, 2009, p210). In a qualitative study, it is important 
to establish credibility and trustworthiness. I make the case for trustworthiness, in this study, 
through the use of triangulation and member checking.   
In triangulation, multiple sources of data are used to match reality (Merriam, 2009). I 
used multiple methods of data collection to compare and cross-check data collected through 
semi-structured interviews and artifacts, which included the interleaving homework assignments, 
student questionnaire and the cumulative test.  
The member checking process is vital to qualitative research (Stake, 2010). Member 
checking is an opportunity for participants to approve the interpretation of the data they provided 
(Merriam, 1998). I wrote a summary of each participant interview, and I asked the participant to 
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read the summary and provide feedback on the extent to which it is true to their beliefs and a 
clear representation of their thoughts.  
Additionally, because the students received the interleaved homework assignments in 
their classrooms where it is a part of their normal activities, this study can also be considered 
ecologically valid. “An investigation is regarded as ecologically valid if it is carried out in a 
naturalistic setting and involves objects and activities from everyday life” (Bronfenbrenner, 
1977, p.515).  
Ethical Considerations 
 This study was considered minimal risk. All students enrolled in class were expected to 
complete the same homework assignments assigned by the teacher. Students were asked to 
complete the questionnaire and take the cumulative test as part of the routine instructional 
activities.  
   For confidentiality, students who voluntarily agreed to participate were assigned a 
unique number and their names blocked out of copies of their homework assignments, 
questionnaires, and assessments in black marker. Also, pseudonyms were used for all students. 
All physical documents were stored in a locked cabinet and Digital data were stored on a 
password-protected computer and stored in USF Box and will be destroyed five years after the 
completion of the study. Guidelines put forth by the IRB at the University of South Florida 
(USF) were followed to make sure that participants are protected.  
Limitations 
 Students may not have filled out questionnaires truthfully as they may have wanted to 
please the researcher or the teacher. Conversely, students may have felt comfortable enough to 
answer questions freely, and in more detail, because the researcher was not their teacher. Also, 
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because homework was completed outside of class, the teacher could not monitor whether the 
students were completing assignments on their own or if they were obtaining help in some form.  
Conclusion 
There are gaps in the literature that pertain to studies conducted on interleaving 
homework assignments with high school students. Currently there are no qualitative studies on 
the topic. Studies on student perceptions of interleaved homework assignments, or if interleaved 
homework influences students’ attitudes toward mathematics, have not been located. The 
findings in this study provide insight to students’ perceptions of homework and their own 
mathematical achievement. This can assist in guiding interleaving homework policies in 
classrooms or districts.  
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CHAPTER 4: RESULTS 
The purpose of this study is to address student voice on interleaved homework. The case 
study approach was used to explore students’ overall experiences with interleaved homework in 
high school mathematics classes. The subunits for this case study included students in two 
classroom settings, from two different levels of algebra mathematics courses, taught by two 
different teachers. I selected three students from a remedial Algebra 1 course and three students 
from an Honors Algebra 2 course. The participants from each class were selected based on the 
results of the pre-intervention questionnaire that was administered before the interleaved 
homework intervention. The students within each class level exhibited different attitudes towards 
mathematics.  
 In this chapter I discuss how the interleaved intervention influences students’ perceptions 
in this study. This study is not meant to be a representation of all students, but to report student 
experiences with interleaved mathematics homework. The highlighted information and data 
produced in this study is meant to provide insights for education researchers on student 
perceptions of interleaved homework and assist teachers who may want to consider using 
interleaved homework assignments in their classroom. 
Organization of the Chapter 
This chapter is divided into three sections to address the research question of this study 
which is:  What are high school students’ experiences with interleaved homework assignments?  
 In the first section, I describe three students from the Honors Algebra 2 course separately 
in terms of the modified framework of Dettmer et al. (2011). To describe each student, I 
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parenthetically reference the numbered parts of the model to help identify the different aspects of 
the framework that is being discussed (see Figure 4). Next, I present my findings from the 
within-case analysis of the Honors Algebra 2 students (first subunit) by focusing on student 
perceptions of the interleaved homework, their beliefs concerning homework, their own 
competencies while completing the interleaved homework, their homework effort, and attitudes 
toward mathematics. In the second section I discuss the three students from the remedial Algebra 
1 course in the same manner as the previous three students, followed by the within-case analysis 
of the remedial Algebra 1 course (second subunit). In the third section I present the cross-case 
analysis followed by the holistic summary of the findings. 
  
 
Figure 4. Dettmers et al. (2011) Framework Labeled for Discussion. 
Note. Adapted from “Students emotions during homework in mathematics: Testing a theoretical 
model of antecedents and achievement outcomes,” by S. Dettmer et al., 2011, Contemporary 
Educational Psychology, 36 (11), p 27 (https://doi.org/10.1016/j.cedpsych.2010.10.001). 
Copyright 2011 by Elsevier. Adapted with permission. 
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Information to Consider 
 The portion of Dettmers et al.’s (2011) framework that was consistent for students in 
each course was the homework quality at the class level (1a). I collaborated with the teachers to 
create the interleaved homework assignments that were suitable for their students. Teachers were 
intentional about the consistency of rigor between the blocked and interleaved homework.  
The homework assignments and the cumulative test were graded without using partial 
credit to show how accurate the students would be as if they were taking standardized tests. If the 
correct answer was not given due to calculation errors, the answer was incorrect even though the 
strategy employed may have been correct. If more than one answer was expected, such as the 
questions involving quadratics, the question counted for two points (one point for each answer), 
and the student was given credit for each answer that was correct. The students who are 
discussed in the first section were enrolled in the Honors Algebra 2 course. This class consisted 
of 9th and 10th graders who took their first high school Algebra 1 course in middle school. 
Students take Algebra 1 in middle school if they excel in mathematics and their teachers feel 
they can succeed in a mathematics course that is traditionally a 9th grade course. 
Honors Algebra 2 
Rachel 
Student Background. Rachel was a 10th grade student in the Honors Algebra 2 class, 
having completed the Algebra 1 course in the 8th grade (1c-student characteristics). I chose 
Rachel based on the score of the first section of her pre-intervention questionnaire (Appendix E). 
The first section of the questionnaire uses a Likert scale, wherein I assigned the responses to the 
questionnaire a number:  1- agree a lot, 2- agree a little, 3 – disagree a little, 4 - disagree a lot. 
Therefore, the lower the score (18 was the lowest, 72 the highest), the more positive the student 
felt about mathematics. Rachel’s score on the pre-intervention questionnaire was 20, which 
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indicated she had a positive attitude toward mathematics. Throughout our post-interleaving 
interview, Rachel expressed her love for math and how it has helped her in other classes such as 
science. She has loved math since the second grade and always wanted to challenge herself in 
math. 
 Rachel stated on her pre- and post- intervention questionnaires that homework was easy 
and applicable (2b-value beliefs). She reported that, if she pays attention in class, she can 
understand a math concept quickly. She also mentioned that homework helps her to understand 
the lesson more because it applies the lesson the students learned that day in class. However, 
Rachel prefers homework that is mixed because “not only will you have problems from a lesson 
we just learned about, but we must have problems from previous lessons to make sure we still 
understand it” (1b-student level). Rachel suggested that homework should be a small percentage 
of a student’s grade and be graded based on assignment participation (2b-value beliefs).  
Rachel mentioned her confidence in mathematics has been the same since her eighth-
grade year (3-homework emotions). She is confident and wants the correct answer when she is 
working out a problem (2a-expectancy beliefs). If she does have difficulty with a problem, she 
looks through her notes for help. She is very motivated when it comes to learning the material 
and knows where to get help if necessary. Rachel mentioned homework helps her learn more (4-
homework behavior). For instance, if she is working out problems incorrectly and she knows 
why, she can begin to understand when a certain strategy can and cannot be used. She mentioned 
that she tries to get every problem correct and wants to remember the material without help but 
ends up looking at her notes to make sure her homework is correct (2a-expectancy beliefs). 
There are also times where Rachel is unsure of her answer and may go back and change it. She 
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calls herself a “perfectionist” and if she does end up getting something wrong, she wants to see 
how it is done correctly (3-homework emotion).  
When I asked her what she does when she is having trouble with her homework, Rachel 
stated that she will go to her notes first and if she is still having trouble, she will ask her dad. If 
Rachel is working in class, overhears the other students discussing how to work out a problem 
and does not quite agree, she will ask the teacher to clarify. Rachel has attempted to use the 
Internet to help her when she was absent, but it did not make sense to her, so she does not like 
using it for help in mathematics.  
Homework Intervention. The students participating in the study documented the time 
they spent on the interleaved homework as well as the difficulty level. While analyzing the data, 
I noticed the difficulty level Rachel reported on her interleaved homework was comparable to 
how much time she spent on the assignment (Table 4). Her highest recorded difficultly level was 
6 (10 the most difficult) on two assignments, and she spent 25 to 30 minutes completing those 
assignments. Other assignments were not as difficult (difficulty rating of 1-4) and took 10 to 15 
minutes for her to complete. She also mentioned she took about the same amount of time for her 
homework assignments throughout the year. However, as observed in her blocked homework 
assignments before the interleaved intervention, Rachel completed the whole worksheet even 
though her teacher only assigned the even or odd problems. She highlighted the assigned 
homework problems along with her answers and provided a key so the teacher would know 
which color each highlight meant.   
I received 9 out of the 10 interleaved homework assignments, given to the class, from 
Rachel. All the homework assignments, including the blocked assignments, that were collected 
were complete with work shown. Her accuracy of the problems on the interleaved homework 
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assignments averaged 78 percent, with individual assignments ranging from 45 to 100 percent 
accurate (4-homework behavior).  
Table 4 
Rachel’s Interleaved Homework Data 
Homework Completion Accuracy Time spent (min) Difficulty level 
1 10 80 10 3 
2 n/a n/a n/a n/a 
3 10 45 19 4 
4 10 82 10 2 
5 10 83 30 6 
6 10 100 10 1 
7 10 90 15 2 
8 10 82 25 6 
9 10 62 10 2 
10 10 75 n/a n/a 
 
Rachel made simple errors on her interleaved homework assignments, struggling with the 
quadratic formula on the homework and the assessment. To solve quadratics, Rachel used 
appropriate methods, which included: completing the square, square root, factoring, and 
quadratic formula. However, if she used the quadratic formula to solve, only 1 out of 2 were 
correct due to simplifying errors.     
Figure 5 shows the percentage of completion and accuracy of Rachel’s blocked and 
interleaved homework. Although completing her assignments for both types of homework, 
Rachel’s accuracy for the interleaved homework was lower than the blocked. 
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Figure 5. Rachel’s Completion vs. Accuracy of Interleaved and Blocked Homework. 
Although this study is not focused on achievement, it is a piece of Dettmers et al.’s 
(2011) framework that helps to characterize the quality of homework (5-student achievement). 
On the cumulative assessment given after the interleaving intervention, Rachel scored an 82 
percent and continued to struggle with simplifying while using the quadratic formula on her 
assessment. The strategies she used to solve the problems were correct, and if I were to grade her 
test using partial credit, her score would have been significantly higher. One concept that 
affected her grade most significantly on the cumulative assessment involved material from the 
last interleaved homework assignment, which included trigonometric functions. When asked to 
find sin ɵ, Rachel was finding the angle ɵ instead. Her strategies were correct, yet she did not 
understand what the question was asking. I noticed similar errors on other student homework 
papers, so it is unclear if that is what the teacher taught them to do or if the students incorrectly 
assumed it was asking for the angle.  
Rachel’s confidence in working out the problems and her willingness to find answers to 
her questions imply she is motivated to learn. Using Dettmers et al.’s (2011) framework, 
Rachel’s overall perceptions of math and homework, her desire to be challenged, and the effort 
100
91
100
78
COMPLETION ACCURACY
Rachel's Completion and Accuracy 
Comparison 
Blocked Interleaved
67 
 
she puts into her homework allowed her to be successful on the cumulative assessment and in her 
math courses.     
Bethany 
Student Background. Bethany was a student in 10th grade taking Honors Algebra 2 (1c-
student characteristics) and completed Algebra 1 in the 8th grade. I chose Bethany based on her 
score on her pre-intervention questionnaire in which she scored halfway at 45 points. Overall, 
Bethany likes math, and she mentioned it is a strong class for her, more so than English or 
history. Math makes more sense to her because of the numbers, patterns, and memorization 
involved. Still, this year was not her favorite because her teacher’s pedagogical style did not 
make sense to her. Bethany liked geometry a lot more the year prior because she understood it 
more easily and “it clicked well” for her. By contrast, she mentioned that for this year, “you do 
it, and you get it done, and then you just forget.”  
 In general, Bethany would rather complete math homework than English homework. She 
does not hate math homework, but “nobody loves homework.” She prefers blocked practice over 
interleaved practice because it helps her to drill in the concepts (1b-student level). Otherwise she 
may get the concepts confused and mix them up. However, she thinks interleaving is helpful if 
the homework is interspersed in with blocked practice, or if interleaving is the type of homework 
given at the beginning of the year. In this way, she may be comfortable with the homework, and 
be more prepared for tests, quizzes, final exams, and other college entrance tests.  
Yeah I think maybe in the week you could switch off. That would be good. A mix of 
both, but I mean if I had a choice to do one or the other probably be the block on where 
you get all of the same, just for me. But other kids probably have a different preference, 
but I mean if I can I have a mixture I probably like that too. Just changing it off just so 
I'm staying on top of what I've already learned. 
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Bethany is less confident this year in math than the past two years of taking high school 
math courses (2a-expectancy beliefs). She mentioned that if she were to do the math problems 
wrong on her homework, she could memorize the steps incorrectly. Therefore, she prefers to 
leave the questions blank than have the wrong strategy and answer. This was evident on some of 
the interleaving homework assignments she was given for this study because some of her 
assignments remained incomplete. 
 Bethany stated that homework should be a percentage of a student’s grade, but a 
completion grade because students need to be held accountable for doing their work (2b-value 
beliefs). It is bothersome to her when students do not try on their homework and they simply do 
not do it. She stated the grade should be based on 40% homework and 60% test and quizzes. She 
suggested homework is a way of checking to make sure students understand the material, but it is 
not helpful if students complete the homework incorrectly. If students complete the whole 
worksheet incorrectly, they are memorizing the wrong steps, an occurrence she had experienced 
herself. Also, homework should have a reasonable amount of problems.   
 On the pre-intervention questionnaire, Bethany described homework as confusing and 
unprepared (3-homework emotions). The homework can be confusing for her because it can 
involve something that was not discussed in class and unprepared because the notes were “basic 
and vague.” She said math homework can be satisfying to complete as it involves repeating 
patterns while going through the required steps. She stressed that she works hard trying to get her 
homework done and that is why homework should be graded based on completion, for 
accountability. On the other hand, Bethany does state that leaving one or two blanks on the 
homework is ok if she really does not know what to do, but she never leaves a half a page blank. 
She writes things down to ensure that it gets completed.   
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Homework Intervention. Based on the interleaved homework assignments that were 
collected for this study, Bethany missed two assignments (Table 5). Out of the 8 assignments 
collected, 5 were 100 percent completed and other three were either 80 – 90 percent completed. 
Bethany’s accuracy on the homework assignments was lower than Rachel’s, the average 
accuracy for all eight homework papers registering at 63 percent.  
Table 5 
Bethany’s Interleaved Homework Data 
Homework Completion Accuracy Time spent (min) Difficulty level 
1 9 60 30 6 
2 10 67 n/a n/a 
3 8 30 30 8 
4 10 86 30 6 
5 8 43 n/a n/a 
6 10 79 15 7 
7 n/a n/a n/a n/a 
8 n/a n/a n/a n/a 
9 10 63 n/a n/a 
10 10 75 n/a n/a 
 
Figure 6 shows the completion and accuracy of Bethany’s blocked and interleaved 
homework. Like Rachel, Bethany completed most of her assignments for both types of 
homework and her accuracy for the interleaved homework was lower than the blocked. 
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Figure 6. Bethany’s Completion vs. Accuracy of Interleaved and Blocked Homework. 
 
As I observed her interleaved homework in more detail, Bethany did not always follow 
the directions, left out parts of the problem, or did not answer the question it was asking. This 
was not the case with her blocked homework assignments as they were complete, with all work 
shown. She also did not report her time spent or difficulty level on most of the homework papers 
for the study. Bethany scored a 41% on her cumulative assessment (5-student achievement). Her 
main errors included: not reporting both answers for the quadratic functions and not following 
the directions. When the directions were to factor the expression, she used the quadratic formula 
to solve. Her mistakes on the cumulative assessment could be due to not understanding 
vocabulary, not knowing which strategy to use, or working too quickly to get finished, being 
unconcerned about effort. The impression I got from her post-interleaving interview was that she 
did complete the homework solely to receive the completion grade, even if she may not have 
understood what to do. Bethany stated that if she did not understand the work, she used 
Photomath,an application on smartphones that allows students to take a picture of the problem 
and receive an answer with work shown, to check her work or ask friends. She does take notes in 
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class but suggested that it does not help her because it does not always look like the problems she 
is completing for homework. 
Sarah 
Student Background. Unlike the other two students in the Honors Algebra 2 class, 
Sarah was a 9th grader and took Algebra 1 in the 7th grade (1c-student characteristics). I chose 
Sarah based on the score of her pre-intervention questionnaire. Her score was a 64 which shows 
she has a strong negative view of mathematics. She confirmed this during the post-interleaving 
interview when she stated, “I can't count the number of times I've ranted to my parents about 
how much I despise math and I am not a fan of math at all.” When I asked about taking high 
school math in middle school, Sarah said she felt engaged in middle school and made good 
grades, and until this year, she had never gotten below a B in math before. 
Sarah was not keen on the interleaved homework (1b-student level) because she said her 
memory is weak, and she did not like to go back and take the extra time to look up how to do the 
problems. Sarah said, “It’s just more meticulous, and it just takes away my drive.” At the same 
time, she did express that she liked the idea of interleaved homework and it changed her 
perspective on homework a little. She was surprised that incorporating old material had not been 
done before but assured me that nothing could change the way she feels about math.  
Sarah expressed that one of the reasons she was having a difficult time with the 
assignments was that she did not have any friends in her class, and most students seemed to be in 
the 10th grade. She would ask friends, who were not in her class, for help and they were unable to 
because they did not remember how to do it. Sarah was accustomed to having friends in her class 
and she felt comfortable asking them if she needed help. This was not the case this year and 
since her friends were not receiving the interleaved homework, she was reluctant to ask anyone 
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else for help especially when she would overhear other students commenting in class that the 
work was easy while she felt it was more difficult (2a-expectancy beliefs).   
Sarah feels that math homework is helpful (2b-value beliefs) because you can do it on 
your own and learn from your mistakes. She stated that homework should be graded on a matter 
of completion and effort, not accuracy. It would be “vicious” to grade on accuracy because if 
students took their own time and effort to work on it and it was all wrong, it would be a 
punishment for the student.  
Sarah’s emotions while completing math homework were negative in nature (3-
homework emotions). In her pre-intervention questionnaire, she listed homework as time- 
consuming and frustrating. In the post-intervention administration, she used the words frustrating 
and helpful, and stated homework can sometimes be time consuming, but the intention is to help 
others. During the post-interleaving interview, she also used the words stressed and pessimistic 
when discussing math homework.  
Homework Intervention. Sarah stated that she could have applied herself more when it 
came to the homework, but it was frustrating to her (4-homework behavior). She mentioned in 
middle school, the teachers assigned homework every night and on weekends because the 
teachers said that is how it would be in high school. In her experience so far, however, she has 
not received as much, and has become, in her own words, lazy. Sarah completed 8 out of the 10 
interleaved assignments given, with a completion rate of 100 percent on all 8 assignments (Table 
6). Even so, her accuracy on those assignments were much lower than Rachel and Bethany’s and 
averaged to a 28 percent.    
Sarah recorded spending approximately 15 to 30 minutes on most assignments, though 
there was one assignment she recorded at 60 minutes with a difficulty level of 9; this assignment 
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only showed less than 1 percent accuracy. She stated in the post-interleaving interview that she 
wasn’t always sure what to put for the difficulty level, listing the difficulty level around 4 or 5 
because she overheard other students saying it was easy and not wanting to appear different.  
Table 6 
Sarah’s Interleaved Homework Data 
Homework Completion Accuracy Time spent (min) Difficulty level 
1 10 33 20 3or 4 
2 10 67 25 5 
3 10 < 1 60 9 
4 n/a n/a n/a n/a 
5 n/a n/a n/a n/a 
6 10 29 15 3 
7 10 25 20 5 
8 10 24 20 4 or 5 
9 10 27 30 4 
10 10 17 25 4 
 
Looking at Sarah’s interleaved homework in more detail, she completed the homework 
assignments, but many of the problems were left incomplete, even though her strategy was 
correct. For instance, she factored the quadratic equation, but did not finish and find the 
solutions. There were also times when the work shown did not align with the problem, which 
would satisfy the completion requirement if you were to just glance over the paper. Sarah’s 
blocked homework showed similar characteristics (See Figure 7). Her blocked homework was 
complete, however, there were many simple errors and she did not complete each question which 
required a calculator. Her accuracy on the blocked homework was significantly lower than 
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interleaved based solely on the fact it was blocked homework. Since Sarah did not follow the 
directions, it affected her accuracy for the entire assignment because it had the same strategy. 
 
 
 
Figure 7. Sarah’s Completion vs. Accuracy of Interleaved and Blocked Homework. 
 
When I asked Sarah about getting help with homework, she said that she did not have 
access to her old notes all the time. She filed them away at her mother’s home and when she was 
completing the homework, she was either at school or at her father’s house, and neither parent 
could help her with the homework. As mentioned previously, she asked friends or even went to 
the Internet but did not find any of those avenues helpful. This may be a reason why her steps 
were not complete.  Sarah’s grade on the cumulative assessment was a 30 percent (5-student 
achievement), wherein she had many of the same issues with her assessment as she had with her 
homework assignments. Mainly, Sarah began the problem correctly, but simply did not complete 
the problems in their entirety. 
Sarah appeared to have sufficient math ability considering she took Algebra 1 in the 7th 
grade, but perhaps her dislike for math or what appears to be unwillingness to try has left her 
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unsuccessful. If she had her friends in the class with her, that may have given her a more positive 
experience.   
Within Case Analysis of Honors Algebra 2 Students 
 The students chosen in this class represented students who had diverse perspectives on 
mathematics. Their perceptions of mathematics and homework, along with their effort and their 
beliefs on the value of homework, were characteristics that interacted with the type of homework 
assigned to influence their achievement in the course.   
Students’ Perceptions of Interleaved Homework Assignments (1b) 
All three Honors Algebra 2 students found value in the interleaved homework 
assignments. Rachel preferred the mixed practice to refresh her skills with the older concepts, 
and she enjoyed the challenge of the interleaved assignments. She mentioned that she always 
wants to challenge herself when it comes to math. Even in her blocked homework assignments 
before the interleaved intervention, Rachel completed the whole worksheet even though her 
teacher only assigned the even or odd problems.    
Bethany believes interleaved assignments are useful, but it is not something that she 
could benefit from. When Bethany described mathematics, she used the words “pattern” and 
“memorizing” and felt that blocked practice helps her to memorize the concepts better. She was 
not opposed to mixing up blocked and interleaved homework assignments nor giving interleaved 
another chance if it was used all school year. Sarah found value in the interleaved homework and 
wished that she had put forth more effort in the assignments. She stated that she had a weak 
memory and did not want to take the time to look up the concepts she may have forgotten. Sarah 
added that interleaved homework gave her a new perspective on homework, and she wondered 
why it had not been used before. 
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Students’ Beliefs Concerning Homework (2b) 
 Rachel, Bethany, and Sarah valued homework as a way to learn from their mistakes.  
Rachel said, “I see what I did wrong on some of the problems and it really gives me that 
understanding”, adding that she is a perfectionist and likes to get every problem correct. If she 
does not, she wants to see the problem worked out so she can learn from her mistakes. Sarah 
mentioned that math homework is helpful: “I like the process of doing it on your own and 
coming back and learning from your mistakes, so I don't think that it's a bad idea to have 
homework.” Bethany did not comment on correcting mistakes, but she did say, “homework is 
good like solidifying stuff making sure that you're good. But again, it's not helpful if you do the 
homework wrong.” For Bethany and Sarah, doing the homework incorrectly is not a positive 
experience for them. Bethany was concerned that if she did the homework incorrectly, she could 
memorize the wrong steps, while Sarah is more concerned if the math homework was graded on 
accuracy. Sarah stated that for someone to take the time and work on a worksheet and then get a 
bad grade because it was all incorrect, is a punishment.   
All three students felt that homework should have a grade, however their perceptions of 
how it should be graded varied. Rachel felt the percentage of homework could be small in 
respect to a student’s grade and be based on “assignment participation.” She finds value in 
homework and expects it to play a part in her learning. Bethany stated that homework should be 
graded in order for students to be held accountable. Although she stated it could be a small 
percentage, she gave an example of homework being 40 percent of a student’s grade. Also, the 
grade should be “a completion grade” rather than an accuracy grade. Sarah stated, “I think it 
should be graded on a matter of completion and effort versus accuracy” and felt it should be a 
small percentage of a student’s grade.   
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All three students feel that homework should not be graded based on accuracy because it 
could be devastating for students to do all the work and not get rewarded for it. Yet, their 
perception of how homework can be graded seems to differ. Rachel and Bethany say homework 
ought to be graded on completion and assignment participation; only Sarah mentioned effort.  
Interestingly, even though Sarah completed the interleaved assignments, her accuracy was 
significantly below Rachel and Bethany who also produced similar, if not lower, completion 
rates. Therefore, when grading assignments, it may be helpful for students to understand the 
difference between completion and effort. Sarah completed her homework, but there is a 
question into how much effort she put into her assignments. Although admitting, during her post-
intervention interview, she wished she put forth more effort into the interleaved assignments, her 
accuracy implies she was looking for the completion grade.     
Students’ Perception of Their Competency While Completing Interleaved Homework (2a)  
 The students’ perception of their own competency appeared to be affected by many 
factors. Rachel stated that she has been confident about math since the second grade.  It is 
assumed that this statement could also pertain to homework, but Rachel seemed to be concerned 
about getting her answers correct all the time. That she tries to do it herself and then checks back 
at her notes implies she is not always confident with her answer. She wants to back her answer 
up with proof to prove she is working it out correctly.   
Bethany associated her confidence in mathematics with it being a high school class, 
having a lot of homework, and whether or not she understands the math teacher. Bethany said, 
“Well the way we do it in math is you just do it and you get it done and then you just forget it. 
That's how it was kind of for me this year.” She said she knew some of the material on the 
interleaved homework assignments from Algebra 1 and knew some of the material from the 
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beginning of the year (which was review), but she was not sure about the material after 
December. 
Sarah struggled with going back to the earlier material on the homework assignments, but 
she was also concerned about what she heard from her classmates and how they reacted to the 
interleaved homework assignments.   
I would get through about half of it and usually, I'd be like uh breeze through that and 
then get to the last kind of portions and just kind of freeze up a little bit…. I feel like it 
makes you a little more confident [interleaving homework] ….at the same time to hear all 
these other people going "Oh yeah I remember this, Oh this is so easy" and then you're 
just sitting and like "Oh man." 
Students’ Effort When Completing Interleaved Homework (4)   
 Using Dettmers et al.’s (2011) modified framework to include interleaved assignments, I 
used the data on completion and accuracy to characterize homework effort. Figure 8 displays the 
completion rate of the homework assignments versus accuracy as well as the test score for each 
Honors Algebra 2 student. Figure 9 compares the completion and accuracy of the interleaved and 
blocked homework assignments for the Honors Algebra 2 students. While completing both 
blocked and interleaved homework, their accuracy scores were lower for the interleaved practice.   
Pertaining to students’ self-reported effort, Sarah stated she wished that she put more 
effort into her interleaved homework assignments, and she understood how the interleaved 
homework may have benefited her understanding of the work she completed in class. Still, she 
stated she was lazy and along with not having any friends that could help her with the 
assignment, she just did not put in the effort.   
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Figure 8. Interleaved Homework Effort for Honors Algebra 2. 
 
 
 
Figure 9. Honors Algebra 2 Completion vs. Accuracy. 
 Rachel described her process when completing her homework assignments which 
exhibits the effort she puts into them. She says she did not really do anything different when she 
completed the interleaved homework assignments. 
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The first thing for me is just really see…can I try to input into things that I probably 
learned in the past or maybe potentially… maybe you may learn in the future that I may 
already know unexpectedly. Then if all else fails, like I don't know exactly what they're 
talking about, I'll either try to go through my notes and see like this if it's a new lesson 
that we just learned I can look through and see OK how do I do this.  If I'm still 
completely confused which it hasn't happened yet, but the next person I'll ask is my dad. 
Bethany, on the other hand, is not afraid of leaving answers blank if she does not understand 
what to do, but she stated she could not leave a half a page blank. She discussed how she asked 
her friend for help but seemed to avoid her notes because she felt the notes from her teacher were 
not very effective.   
Students’ Overall Attitude Towards Mathematics  
 The post-interleaving interviews did not reveal any change of attitude that the students 
had towards mathematics while experiencing the interleaved homework assignments. Rachel 
seemed to always enjoy mathematics and she accepts any challenge that comes her way, whereas 
Sarah already had her mind made up when she said that “nothing can change the way I feel about 
math.” Bethany seemed to have mixed feelings when it came to mathematics.  The only negative 
aspects of mathematics stemmed from her struggles this year, which she felt were caused by her 
teacher’s teaching style. In the post-intervention questionnaire, I noticed a change in the 
students’ overall score on the first section that pertained to student’s attitude toward mathematics 
(See Table 7). The lower the score, the more positive attitude toward mathematics. All three 
students had a decrease in score which indicated that the interleaved homework assignments may 
have positively influenced the student’s attitude toward mathematics. Rachel and Sarah’s score 
did not move as much as Bethany’s. The statements in Bethany’s pre- and post-intervention 
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questionnaire that had significant changes in the positive direction were: I wish I didn’t have to 
study mathematics, mathematics is boring, I learn many interesting things in mathematics, I look 
forward to mathematics class. There was also a positive shift in: I like to solve mathematics 
problems, I enjoy learning mathematics, and mathematics is one of my favorite subjects.   
Table 7 
Results of the First Section of the Student Questionnaire 
  Student Pre-intervention Post-intervention 
Rachel 20 19 
Bethany 45 35 
Sarah 64 61 
 
The three students in the Honors Algebra 2 course all had different attitudes towards 
mathematics before the interleaved homework intervention. Rachel’s success on the cumulative 
assessment appeared to be affected mainly by her attitude toward mathematics as well as her 
willingness to put forth her best effort toward her homework and learning the material. Sarah 
admitted to not putting effort into her work as well as her negative attitude toward mathematics.   
It is unknown if a different outcome for Sarah was possible if she had more peer support in the 
classroom as in the past. Bethany noted concerns about her teacher’s teaching style and lack of 
sufficient notes to explain her difficulties in the class which may have affected her attitude. It is 
possible her understanding of the older material (especially from Algebra 1 and the beginning of 
the year) played a role in increasing her attitude toward mathematics to demonstrate a significant 
change in the pre- and post-intervention questionnaire. Some of the common themes that I 
noticed while reviewing the data are: the students’ level of motivation, the teacher’s effect on 
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their learning, their past experience in mathematics, as well as the availability of the support they 
require for homework assistance. 
Algebra 1B 
 The students in the Algebra 1B course complete the Algebra 1 course in two years. The 
students enrolled were 10th graders who were in their second year of taking Algebra 1. Algebra 
1B students take an Algebra 1 state-mandated test at the end of the school year, which is a 
graduation requirement. The students in this course were more difficult to choose for this study 
because their scores on the pre-intervention questionnaire were roughly the same. For the 
students I selected for the study, there was only a 12-point difference between their scores, and 
their scores hovered in the middle range when it comes to their attitudes about mathematics.  
Therefore, I chose the students primarily based on their responses to the second part of the pre-
intervention questionnaire (they described math homework using one or two words) to ensure I 
would have students that had different perceptions of homework.  
Sharon 
Student Background. Sharon, a 10th grader, scored a 55 on her pre-intervention 
questionnaire which meant her attitude toward mathematics was more negative than the other 
two students chosen for the study. According to her pre-intervention questionnaire, Sharon does 
not enjoy learning mathematics, yet does not feel it is any different than other classes. She also 
mentioned she preferred homework that was mixed practice because she could learn different 
things (1b-student level).    
In the post-interleaving interview, Sharon stated she liked math because she enjoys how 
the lessons are taught by the teacher. Math can be difficult for her, but the teacher makes it easier 
by going through the steps. She mentioned that math started getting more difficult for her in the 
6th or 7th grade; she is “somewhere in the middle” when it comes to understanding math, but her 
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teacher is helping her get stronger with her math skills. Sharon also mentioned her current 
teacher taught her in middle school (1c-student characteristics). 
Sharon is not against having homework, stating that it “wasn’t a bad thing.” She offered 
that math homework can help students with the lesson from the day and it can remind students of 
what they have learned. Sharon also suggested that homework should be graded on completion 
and be a small percentage of a student’s grade if it is graded (2b-value beliefs). 
When I asked Sharon about any differences in the homework that she was receiving for 
the study, she did not notice that the problems were interleaved. When I asked her about the 
difference while looking at both a blocked and interleaved assignment, she stated the first 
assignment was easier but did not know why. Then she began to describe the new concepts she 
was learning and that was the difference on each assignment. Eventually, I pointed out the 
homework problems were interleaved. When I asked her if she preferred to have blocked or 
interleaved homework, she once again began to discuss the concepts she thought were easier on 
the homework assignments. After a little more discussion about homework, she did mention that 
she preferred mixed practice to help her on her state Algebra 1 test. She stated, “if your 
homework is all the same with the same things on it you are not going to focus on anything else, 
except that one thing. She also mentioned that all the review helps with remembering what you 
have done before (1b-student level). 
Sharon’s attitude during the post-interleaving interview about interleaved homework was 
positive. She expressed how some of the problems on the homework were difficult, and some 
were easy (2a-expectancy beliefs). While going through some of her interleaved homework 
assignments with her, she seemed surprised she skipped a few questions because they “looked 
easy.” She mainly found the word problems and fractions to be difficult, but liked to work on the 
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new material, statistics. She enjoyed the work involving box plots and dot plots the most (3-
homework emotions). 
Homework Intervention. I received all ten interleaved homework assignments from 
Sharon (Table 8). Out of the ten homework assignments, she completed on average 77% of the 
homework (4-homework behavior). Sharon said in the post-interleaving interview she spends 
about 10 to 15 minutes on homework, and up to 30 if it is more difficult. However, according to 
what she recorded about her time spent, and the difficulty level on her homework assignments, 
she spent approximately 15 to 20 minutes on what she felt were easier homework assignments.  
The assignments she felt were more difficult, she spent up to 45 minutes on. Sharon could not 
say if the different types of homework took her different amounts of time, it just depended on the 
how hard the problems were in general.   
Table 8 
Sharon’s Interleaved Homework Data 
Homework Completion Accuracy Time spent (min) Difficulty level 
1 9.1 33 7 3 
2 6 45 20 3 
3 10 52 15 4 
4 3.8 52 20 4 
5 8 47 15 2 
6 7 0 25 8 
7 8.2 68 45 7 
8 6.7 46 n/a n/a 
9 9.2 58 n/a n/a 
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Table 8 (continued) 
10 9.2 60 n/a n/a 
 
Sharon’s accuracy rate on her interleaved homework ranged from 0 to 68 percent with an 
average of 46 percent (4-homework behavior). Many of her assignments were approximately 50 
percent correct and the problems that she did not complete, or completed incorrectly, came from 
the interleaved section. Her accuracy as well as completion decreased when she experienced 
interleaved homework (see Figure 10). As she stated in the post-interleaving interview, she 
enjoyed the statistics which was the newer material that she learned. I also noticed that she 
answered the multiple-choice problems that were included on the assignments, but she did not 
write anything down for some of the older material or for word problems. When I asked about 
getting help on the assignments, Sharon mentioned that sometimes they begin their homework in 
class then finish it at home. She feels comfortable asking the teacher for assistance, but 
sometimes works with her friends on the assignments.  
 
 
 
Figure 10. Sharon’s Completion vs. Accuracy of Interleaved and Blocked Homework. 
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Sharon answered every question on her cumulative assessment but only earned a 14 
percent (5-student achievement). The cumulative tests were graded the same as the Honors 
Algebra 2 course. Credit was only given if the answer was correct, there was no partial credit 
given.  If the cumulative test was graded using partial credit for strategy, Sharon would have 
scored slightly higher. For instance, Sharon knew the concept of factoring (factors that add up to 
the middle term), but never took the signs into consideration, always using addition signs. 
Sharon puts forth the effort on her test yet struggles with remembering integer rules and the 
different strategies. 
Although Sharon’s score was high on the pre-intervention questionnaire, which indicated 
a negative attitude toward mathematics, she did not display that attitude during the post-
interleaving interview. She appeared proud of her work and enjoyed pointing out her success 
with the new material; she added her teacher was part of the reason for her successes. Although 
she communicated confidence, her score on the cumulative assessment was quite low.   
Brian 
Student Background. Brian scored a 46 on his pre-intervention questionnaire. He wrote 
on the questionnaire that math is confusing and prefers homework to have the same types of 
problems so he can practice and grasp the concept. Brian does not like math because when he 
thinks he understands a concept, variables are thrown in and it becomes confusing to him. He 
mentioned that math had been difficult for him since elementary school. Brian said, “I would 
never really understand it and I would always be the last person. I was the slowest in all of my 
math classes” (1c-student characteristics).   
Brian stated homework is “a better way of studying for when you don’t really pay 
attention much in class” and he wrote on his pre-intervention questionnaire that math homework 
was confusing and hard (3-homework emotions). Brian does not always complete his homework 
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and he stated he struggles with word problems because he does not understand what the question 
is asking. He mentioned how some of the problems are more difficult for him to understand so he 
tries to do work on another piece of paper in case he gets the wrong answer and will just leave it 
blank on the homework paper (2a-expectancy beliefs).   
Brian was not aware of the differences between the blocked homework and the 
interleaved homework. When I asked him about the interleaved homework, he mentioned there 
seemed to be more word problems and was surprised when I brought up the differences in the 
blocked versus interleaved. Brian prefers the blocked homework on the problems he did that day 
mainly because the interleaved homework problems are harder to remember (1b-student 
level). Also, if students are working on problems from the same day, they have more time to 
practice and get better at it. Overall, Brian stated the interleaved problems are good for other 
people, but it is not for him.  
Brian stated homework should not be a part of a student’s grade because it can lower the 
overall grade. He said, “It just seems that when you take work from school home that you're 
expected to get it done and understand it, but sometimes it'll either come back undone or blank.”  
However, if it had to be graded, he suggested it should be graded on effort and completion and 
be a small percentage of a student’s grade (2b-value beliefs).   
Homework Intervention. Nine out of ten interleaved homework assignments were 
collected from Brian (Table 9). His completion average of the 9 homework assignments was a 53 
percent. He left most of the interleaved questions blank unless there was a multiple-choice 
question. Brian also completed many of the questions without showing work. As stated 
previously, he completed work on another piece of paper, though when asked, he was unable to 
provide me with a copy. He agreed that some of the answers on his homework assignments were 
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guesses because he wanted to get a grade for completing it, despite his not understanding what to 
do. He mentioned that when the problems were eventually reviewed, he began to understand 
some of the problems on the later homework assignments. However, Brian’s accuracy on his 
homework assignments was not consistent. Many of the assignments were 0 to 29 percent 
accurate mainly due to incomplete work. However, the few assignments that were 70 to 80 
percent complete were 60 percent accurate (4-homework behavior).   
Table 9 
Brian’s Interleaved Homework Data 
Homework Completion Accuracy Time spent (min) Difficulty level 
1 5.5 9 10 8 
2 n/a n/a n/a n/a 
3 3.6 29 n/a n/a 
4 7.8 69 n/a n/a 
5 1.3 7 n/a n/a 
6 4 1 n/a n/a 
7 8.2 65 n/a n/a 
8 7.8 62 n/a n/a 
9 n/a n/a n/a n/a 
10 9.2 13 n/a n/a 
 
Brian only recorded the time spent on his homework along with the difficulty level on his 
first assignment. He recorded he spent 10 minutes with an 8-difficulty level. He also wrote on the 
pre-intervention questionnaire that he spends an hour on his homework. I asked him about this, 
and he stated, “I wanna spend time. Sometimes I feel like I'm overthinking it or I just don't 
understand it enough.” Therefore, it is not clear how much time Brian actually spent on his 
homework assignments, but he makes it clear that they are difficult for him. He will ask his 
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friends for help on his assignments and he shared on the post-intervention questionnaire that he 
sometimes asks the teacher for help. I asked him if he ever went online for help and he said he 
did, but it was not helpful. 
Brian completed most of the cumulative assessment and his score was a 7 percent (5-
student achievement). He left one answer blank that asked the students to explain their answer.  
Many of his answers had no work shown and did not really correspond with the question. It 
appeared he did not understand the material and was just writing down answers, which was 
consistent with what he did on his homework assignments.  
Figure 11 shows the completion and accuracy of Brian’s collected blocked and 
interleaved homework. Interestingly, his accuracy remained the same on both homework types, 
while his completed less of the interleaved assignments.  
 
Figure 11. Brian’s Completion vs. Accuracy of Interleaved and Blocked Homework. 
With the lack of work shown, it is difficult to assess Brian’s effort on his assignments and 
cumulative assessment. With his past experiences in mathematics and lack of understanding, 
however, Brian may be unable to display the work to show effort on the assignments. He admits 
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to just writing down answers and taking guesses to get his completion grade. Even though he 
struggles in mathematics, his attitude toward mathematics is not overtly negative. He participates 
and wants to pass his class but appears complacent about his math abilities to where it does not 
deter his spirit.   
David 
Student Background. David scored a 43 on his pre-intervention questionnaire, which 
was the lowest of the three students in this class. He wrote on his pre-intervention questionnaire 
that he preferred the same type of homework so he can memorize how to complete specific 
equations on his state test. When I asked David if he liked math, he said it was “ok, it’s not hard, 
but it has too many numbers and you have to think really hard.” He likes science more and he 
rather put effort into other things (1c-student characteristics).   
David does not like to spend time at home to do his homework. He stated that he 
completes his homework at school because he wants to go home, relax, and not worry about 
doing schoolwork. On the post-intervention questionnaire, David said that homework was 
“boring” and “useless” because he does not want to do extra work at home after spending six 
hours at school (3-homework emotions). He wants to keep school at school. Unlike the other two 
students, David noticed the difference between the blocked and interleaved homework. It was 
“throughout the school year knowledge”. David preferred the blocked homework, but he 
understands the benefit of the interleaved homework. He said, “I think these [interleaved 
homework] were better because it actually brought stuff back from the beginning of the year than 
just focusing on one thing and making you forget everything from the beginning.” He preferred 
the blocked homework because it was easier for him, but he said if you want students to learn, he 
supported the interleaved assignments. David found some of the interleaved assignments easy, 
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and some more difficult. David also mentioned it may have been easier to see the interleaved 
assignments start at the beginning of the year (1b-student level). 
David seems confident in his ability to do his math homework. He mentioned numerous 
times the math was easy, but he also does not seem to care as much about his abilities so long as 
he can pass and graduate (2a-expectancy beliefs). He stated that students do not really try on the 
homework in his class. Also, that a lot of students miss homework because it is too difficult to do 
by themselves, and if they do complete it, they usually cheat on it. He stated that homework 
gives the teacher an idea of where the students are at, but it should not be a part of a student’s 
grade because students lose confidence and they will not do it or won’t try. For that reason, it 
could ruin a student’s grade and should be considered extra credit (2b-value beliefs).  
Homework Intervention. I received 8 out of the 10 interleaved homework assignments 
from David, with most of them completed (Table 10). The average completion of his homework 
was 91 percent. He mentioned he left problems blank because if he did not remember it, it 
stressed him out more. Therefore, he did not complete it.  Although he does not really ask 
anyone for help, he stated that if he wanted help, he would ask the teacher or go online. David’s 
accuracy on his interleaved homework assignments averaged a 61percent (4-homework 
behavior). He recorded the difficultly levels of his interleaved homework below 5 on most of his 
assignments, and he completed them in less than 10 minutes. One homework assignment took 
him 30 minutes to complete and was 4 percent accurate. He recorded a difficulty level of 15 (out 
of 10) on that assignment. I asked him about that assignment in the post-interleaving interview 
and he said he believes he was not there for the lesson, so he struggled. When I asked him about 
the review questions, he said he recognized them but did not know how to follow through.    
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Table 10 
David’s Interleaved Homework Data 
Homework Completion Accuracy Time spent (min) Difficulty level 
1 10 45 7 1 
2 10 80 5 2 
3 10 77 7 3 
4 10 83 n/a n/a 
5 10 60 7 4 
6 10 20 8 4 
7 4 52 30 15 
8 n/a n/a n/a n/a 
9 8.6 71 7 7 
10 n/a n/a n/a n/a 
 
Figure 12 shows the completion and accuracy of David’s collected blocked and 
interleaved homework. Although David’s completion rate was lower for the interleaved 
assignments, his accuracy improved on the interleaved assignments. 
 
 
Figure 12. David’s Completion vs. Accuracy of Interleaved and Blocked Homework. 
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David stated in the post-interleaving interview that he started putting less effort into math 
because as he is getting older, and he is beginning to question if he really needs it in life. His 
goal right now is to pass and graduate. On his cumulative assessment, he did not attempt two of 
the questions, but left “idk” (I don’t know), instead of leaving it blank. He earned a 28 percent on 
his cumulative test, which was more than the other two students in the same course (5-student 
achievement). 
David appeared to have a “laid-back” attitude when it came to math class and doing 
homework. He appeared confident in his abilities and completed enough to pass. He understands 
the benefit of the interleaved homework, but only because he wants to do enough to pass; he 
does not see the need for math in his future. 
Within Case Analysis of Algebra 1B 
Students’ Perceptions of Interleaved Homework Assignments (1b) 
 The three students in the Algebra 1B course demonstrated they understood the benefits to 
having interleaved homework assignments even though two of the three students did not appear 
to notice the differences in the homework assignments during the post-interleaving interviews. 
Brian was more concerned about the word problems, when discussing the interleaved 
assignments. He mentioned that interleaved assignments could help students learn, but it was not 
for him because it “could have things you probably don't remember, and probably things that you 
don't know yet.”   
 Sharon was supportive of the idea of having interleaved homework. She stated that the 
interleaved assignments have review and helps with remembering what has been taught. Sharon 
stated, “if your homework is all the same with the same things on it you are not going to focus on 
anything else, except that one thing.” She also thought the interleaved homework was helpful 
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because the students were getting ready to take the state- mandated- test and the interleaved 
homework was a way to help with the review.  
 David had an interesting perspective on the homework. Even though he made a statement 
about keeping school at school, David understands the benefit interleaved homework 
assignments may have on student learning. He said, “I think these were better because it actually 
brought stuff back from the beginning of the year than just focusing on one thing and making 
you forget everything from the beginning.” He wants the homework to be easy so he can finish it 
before he goes home. He admitted some of the interleaved homework was easy and some of it 
was difficult, but he preferred the blocked assignments “because they're easier. But if you're 
actually trying to make the student learn stuff, I would do the randomized one.” 
Students’ Beliefs Concerning Homework (2b) 
 When I asked the Algebra 1B students about homework, only Sharon said it was a good 
way to help you with the lesson from that day. Brian and David looked at homework as a way to 
hurt a student’s grade because the students may not be able to accomplish the homework on their 
own. Brian said, “It just seems that when you take work from school home, that you're expected 
to get it done and understand it but sometimes it'll either come back undone or blank.” With 
Brian having difficulty with the material, he appears to be describing what happens to him when 
he has homework. David on the other hand discussed homework in terms of his classmates: 
I don't think kids actually try. Because in Miss E's class, there are so many missing 
homework assignments because it's too difficult to do by yourself and the kids that 
usually do it by themselves, they would cheat on it or don't do it. 
However, David also said that homework helps to drill in the concepts by students working by 
themselves, rereading everything, and working it out four or five times.   
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 The most interesting perspective of the three Algebra 1B students about homework was 
whether or not it should be a part of a student’s grade. Both Brian and David preferred 
homework to not be graded. Brian mentioned that homework is expected to be completed, but it 
will come back undone or blank. However, he will write something down to show that he 
completed it, even if he does not understand the material, as evidenced in his interleaved 
assignments. David is more concerned about his fellow classmates, “it either makes them not like 
it ... or makes them lose confidence, or they don't do it, or don't try, or just throw it away. It 
could ruin someone's grade, or it could bring them up.” David suggested that homework can be 
extra credit. Sharon does express that homework should be based on completion and be a small 
percent of a student’s grade, although she said some, but not all homework should be graded.   
Students’ Perception of Their Competency While Completing Interleaved Homework (2a) 
 Each of the students in the Algebra 1B course have different levels of competency when 
completing their interleaved homework assignments, as well as different perceptions of their 
own abilities in mathematics. Brian mentioned that he had found math difficult since elementary 
school. When I questioned Brian about spending time on his homework and the difficulty level, 
which he did not report on his papers, he said that it took a few hours and then he gave up. Brian 
said, “I wanna spend time. Sometimes I feel like I'm overthinking it or I just don't understand it 
enough.”   
 David appeared to be confident enough in his math abilities to pass. On the interleaved 
homework assignments, most of the homework was given a difficulty rating of 1-4 (out of 10).  
Only one assignment where he struggled, he gave a 15, but simultaneously said they were easy.   
 Sharon also recorded her first few interleaved homework assignments with a difficulty 
level between a 1 and 4. A few assignments were more difficult for her (7 and 8 rating). When 
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going through some of her interleaved assignments with her, she was surprised she left some 
blank because they looked easy. She stated that she may have trouble with a concept in the 
beginning but, “we start learning further and further and then I actually got it and then I asked for 
more help and then I'm actually trying to get it.” Sharon is not afraid to ask for help from her 
friends or teacher.   
Students’ Effort When Completing Interleaved Homework (4) 
 Using Dettmers et al.’s (2011) modified framework including interleaved assignments, I 
used the data on completion and accuracy to characterize homework effort. Figure 13 shows the 
completion rate of the homework assignments versus accuracy as well as the test score for each 
Algebra 1B student. Figure 14 compares the completion and accuracy of the interleaved and 
blocked homework assignments for the Algebra 1B students. While the accuracy rates were 
similar for both homework types, the Algebra 1B group completed less of the interleaved 
assignments.   
 
Figure 13. Interleaved Homework Effort for Algebra 1B. 
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Figure 14. Algebra 1B Completion vs. Accuracy of Homework. 
 Pertaining to self-reported effort, Sharon stated that her grades have improved greatly this 
year. However, effort on her homework is based on how much time she wants to spend on it and 
how difficult it is. She mentioned that sometimes they start a few problems in class and if she has 
trouble understanding the material she will try and find help (friends, teacher). If she does not 
understand the homework, she will leave it blank. As previously stated, Sharon does appear to 
put the time and effort into her assignments according to her completion and accuracy rates on 
her interleaved homework assignments. 
Brian’s completion rate for his interleaved assignments were low, and on most of the 
assignments, he did not show any work. He mentioned he could get help from his friends if he 
did not understand something, but the work was confusing, and he would either leave the 
questions blank or just guess. David stated that he puts in enough effort to pass. If he does not 
understand the material, he may ask the teacher, but if he does not know he will just leave it 
blank. When I asked him about his effort he said, “Yeah, and I'm starting to put less effort 
because I'm understanding like, do I really need this at some point in life? So, I'm like no I don't 
think I need some of this.”   
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Students’ Overall Attitude Towards Mathematics  
 Similar to the Honors Algebra 2 course, I did not see a change in the students’ overall 
attitude toward mathematics. It appears their attitude stemmed from other factors such as 
teachers, their understanding of mathematics, as well as its relevancy to their lives. However, 
there was a change between their scores from the pre- and post-intervention questionnaire given 
to show students attitudes toward mathematics (Table 11). Although there was not a significant 
difference between the two scores, the scores did decrease which shows slightly less negativity 
toward math in the short amount of time they experienced interleaved homework.  
Table 11 
Results of the First Section of the Student Questionnaire 
  Student Pre-intervention Post-intervention 
Sharon 55 50 
Brian 46 40 
David 43 41 
 
The students in the Algebra 1B course began with similar attitudes toward mathematics.  
Sharon and Brian were not aware of the difference between the blocked or interleaved 
assignments they were receiving. When asked, they focused on the difficulty of the problems or 
the concepts and did not see it as a mixture of new and older material. When I asked where the 
students received help, they appear to rely on their teacher or friends on the assignments but will 
still choose to leave answers blank. None of the Algebra 1B students mentioned notes, so there 
are questions as to whether or not they take notes in class or if they just do not use them. Out of 
the three students, David showed the most work and understanding of the material, yet the drive 
to do the work was not there. He does enough to pass and will not take the extra effort if he does 
99 
 
not understand. Sharon wants to do the work but seems to struggle to remember the strategies.  
Lastly, Brian’s past with mathematics may be affecting his current situation. He mentioned he 
was always the last one to finish and struggled since elementary school. It does not seem to 
bother him that he is not completing his work nor doing it correctly. He guesses on his 
assignments so he can get the credit.  
Across Case Analysis of Both Courses 
 Yin (2009) mentioned that subunits can offer opportunities for extensive analysis and add 
more insights into the case, but the holistic aspect of the case should not be ignored. In the 
previous sections, I described each student within their subunits and brought them together to 
give insight into each subunit. In this section, I will describe the students as a whole. Each 
student with different levels of mathematic ability as well as different attitudes towards 
mathematics provided insight into interleaved homework as well as their past experience with 
homework and mathematics. I will describe the similarities and differences between the two 
subunits as framed within the research questions. 
Students’ Perceptions of Interleaved Homework Assignments (1b) 
 The students from both courses felt the interleaved assignments were beneficial and had 
the potential to help students learn. Rachel liked the interleaved assignments and enjoyed being 
challenged:  
I would like it mixed so that way you're making sure you're having your own set of 
reviews while you're having the new stuff coming in as well to make sure you still get the 
idea of the old things because sometimes we may forget things.   
 At the same time, some of the students appeared concerned interleaved assignments were 
not beneficial to them or they were not willing to put forth the effort to search for strategies. 
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Bethany, Sarah, and Brian mentioned it was not beneficial either due to not being able to 
remember the older material or being concerned that the interleaved homework was not drilling 
the concept into their memory like the blocked practice might. Sarah did admit to being lazy and 
not putting forth the effort, while the other two students frequently left answers blank or guess if 
they did not remember the material. David also confessed to putting in enough effort to pass but 
did not worry too much about his homework afterschool. He stated, “I would rather have the 
ones [homework] that are all the same because they're easier. But if you're actually trying to 
make the student learn stuff, I would do the randomized one.”   
Students’ Beliefs Concerning Homework (2b) 
  The students’ perception of homework appeared to be based on the course they were 
taking. The Honors Algebra 2 course expected homework. Sarah expected a lot of it, because her 
middle school teachers told her to expect it, but that was not the case this year. By contrast, the 
students in the Algebra 1B course did not think it was useful. Brian and David felt that students 
could have difficulty working on the material alone, that students could give up or cheat on their 
assignment, and that some of the students may not turn it in at all.  
The most interesting perspective was when I asked students how the homework should be 
graded and how much of a student’s grade it should constitute. All the students did eventually 
say that it should be graded on completion and effort rather than accuracy as a small percentage 
of a student’s grade. However, all the Algebra 1B students stated that homework should not be 
graded at all or be worth extra credit instead. This surprised me because I assumed going into the 
post-interleaving interviews, the students expected to have their homework graded. It did not 
occur to me students would even consider not grading homework as an option. Even Sharon, 
who did not seem to mind completing homework, did not expect all homework to be graded. 
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Even so, in both courses having homework graded by completion appears to be a confidence 
issue for the students. Sarah explained:   
It's a punishment for someone to go on their own, and who knows how strong they are on 
the subject or how much they understand or grasp it. I don't know it just feels like it 
would be to, almost vicious to grade them on accuracy like that to take their own time to 
do something and just crack down for it. 
Table 12 shows the results when students were asked to describe homework in one or two words 
on the second section of the pre- and post-intervention questionnaire. From the answers 
provided, Rachel and Sarah changed their perspectives on homework. Instead of easy, Rachel 
felt it applied to her learning while Sarah felt it was helpful even though it could be frustrating. 
Sharon, Brian, and David did not change the tone of how they felt about math homework. Brian 
thought it was still confusing and hard, while Sharon said homework was sometimes confusing 
and sometimes easy. David changed his tone the most to say it was boring and useless which he 
also mentioned during his post-interleaving interview.   
Table 12 
Description of Math Homework on Student Questionnaire 
Student Pre-intervention Post-intervention 
Rachel Easy Applicable 
Bethany Confusing, unprepared Long, patterns 
Sarah Time consuming Frustrating, helpful 
Sharon Ok Easy, confusing 
Brian Confusing, hard Confusing, hard 
David Easy Boring, useless 
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Students’ Perception of Their Competency While Completing Interleaved Homework (2a) 
 The students in the Honors Algebra 2 course appeared to be more confident about the 
older material on the homework. They may have forgotten some of it and felt the need to ask 
questions, but either due to absences or the way the teacher approached the material, the students 
expressed their difficulty on the newer material. Conversely, the Algebra 1B students appeared 
to have completed most of the newer material when it came to the homework assignments. Most 
of the questions were left blank or were inaccurate and came from the second half of the 
homework assignments which included older material. Brian was an exception for he struggled 
with most of the material.   
Students’ Effort When Completing Interleaved Homework (4) 
 Sarah and David were very clear in expressing their effort on the interleaved homework 
assignments. David stated he did what he could in school and if he did not understand he left it 
blank. He was not going to put in the effort because he did not see the value of mathematics in 
high school and his future. Sarah admitted that she should have put more effort into her 
homework assignments in order to see how the interleaved assignments could have helped her. 
The other students mentioned if they did not understand the material, they could ask friends or 
the teacher, but there were still incomplete assignments collected and if completed, they were not 
entirely accurate. Rachel was the only one that said she took the time to look at her notes, even 
though she may have been able to do the work without them, just to make sure she was doing the 
work correctly. She also asked the teacher if she overheard students discussing a different way to 
approach the problem just to make sure she was still on the right track.   
 When looking at the completion and accuracy of the blocked and interleaved homework 
for the students in each course, I noted some differences. The Honors Algebra 2 students 
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completion rates for both types of homework were about the same, but the accuracy was lower 
for the interleaved assignments. Conversely, for the Algebra 1B students, the completion rate for 
their interleaved homework was lower, while the accuracy for both homework types remained 
the same. 
 The data showed that regardless of what course the student is in, whether it is an honors 
course or remedial course, a student’s effort is based on many factors including motivation to 
complete it. I noticed the Algebra 1B students did not even mention notes when they had trouble 
with the material, which implies they may not take notes in class. 
Students’ Overall Attitude Towards Mathematics  
 After the post-interleaving interviews with all the students, I found that the students’ 
attitudes toward mathematics seemed to have developed through their past experiences and were 
not necessarily changed during the duration of the interleaved assignments. The themes that 
stood out when discussing student’s attitudes toward mathematics were ability, teacher 
comprehensibility, and how they sought out assistance when they needed help. All the students 
except Rachel mentioned they asked friends for assistance. Rachel appeared to be very 
independent when it came to her work; she looked at her notes, and asked her teacher, or father if 
she needed assistance. Sarah attempted to go to her friends, but they were not in the same class 
and could not help her. Mixed in a class with many 10th graders, as a 9th grader, she did not feel 
compelled to befriend any of them. It was interesting how Sarah was in an Honors course and 
taking Algebra 2 in the 9th grade, but she admitted that she “despised” math and nothing could 
change her mind. 
 Bethany was convinced that she was not getting enough support from her teacher as far 
as notes and lessons and thought that was producing a negative effect on her grade in the course. 
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Sharon, on the other hand, believed her grades were getting better because of her teacher. She 
thought her teacher was very helpful and felt she was learning more. Even though David did not 
struggle with mathematics, he did not like the subject because he did not see the value in it, 
which made him not want to work diligently. Brian was not a fan of math because he said he 
always seemed to struggle with it. Whatever the reason, all the student scores for the 
questionnaires decreased (attitude toward math increased) in some fashion during the interleaved 
assignment intervention (Figure 7). Sarah and David’s score decreased the least, but they seemed 
to have made up their minds about mathematics. Rachel’s score did not move much either, but 
since the lowest score was 18 there was little space to move. 
    
Figure 15. Comparison of the Administrations of the Student Questionnaire Scores. 
 
The remaining students were on the border when it came to mathematics. I was surprised 
with Brian’s score because, even though he states he always had a difficult time with math, he 
still has the lowest score (most positive) compared to the other two students in his class. 
Bethany’s score dropped the most. She mentioned she understood the older material more. This 
20
45
64
55
46
43
19
35
61
50
40 41
RACHEL BETHANY SARAH SHARON BRIAN DAVID
Student Questionnaire Results
First Administration Second Administration
105 
 
may have changed her perspective, on the student questionnaire, about how she was performing 
with the material because she was comfortable with the older material that was on the interleaved 
homework.    
Homework Completion Versus Cumulative Test 
Table 13 displays the students’ completion rates based on the ten interleaved 
assignments, how many were collected from each student, the accuracy rate based on the 
interleaved assignments colle0cted, and their cumulative test score. The students in both courses 
did not differ from one another in terms of homework completion and collection as much as I 
expected them too. The only exception was Brian, who found mathematics challenging and 
difficult since elementary school.   
Table 13 
Student Data of Homework and Cumulative Test 
Student Assignments 
Collected 
Completion rate 
(collected) 
Accuracy Test Score 
Rachel 9 100 78 82 
Bethany 8 94 63 41 
Sarah 8 100 29 30 
Sharon 10 77 46 14 
Brian 8 53 32 7 
David 8 90 61 28 
  
The most interesting aspect of the data is the completion versus accuracy rates for the 
collected assignments, along with the assessment score. Bethany and Sarah’s completion rate are 
very similar; however, Bethany’s accuracy rate is substantially higher than Sarah’s. This 
highlights the issue as to whether teachers should grade homework on completion, accuracy, or 
both. The cumulative test scores did not include partial credit, which is a reason for some of the 
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lower scores, however there appears to be evidence consistent with the possibility of a 
correlation between the accuracy rates of the students interleaved homework and the cumulative 
assessment for each course. The higher the accuracy rate, the higher the cumulative test score. 
This provokes questions about whether teachers should grade homework on completion alone of 
if they should also account for accuracy. Sarah completed the interleaved assignments 
completely and most likely received full credit for her homework, but her low rate of accuracy 
on the homework puts into question how much effort she really put into those assignments.  
Holistic Summary of the Findings 
 In this chapter I have organized my findings according to Dettmer et al.’s (2011) 
framework. Now, I am going to look at the key findings that express what this study has revealed 
about the overall experiences of high school students with interleaved homework assignments.   
After reviewing the data and conducting several iterations of data analysis, the findings in 
this study revealed unique experiences for each participant and helped to identify the diversity of 
potential experiences. The key findings that emerged from analyzing the students’ experiences 
with interleaved homework across subunits were: student effort, the culture of the classroom, the 
social aspect of homework, students’ past experiences with mathematics and homework, and 
student concerns about receiving homework in general.  
The students’ displayed various levels of effort from Rachel, who put in the most effort 
into completing her assignments correctly, to Brian who would randomly write down numbers 
for his answers in order to show his completion of the assignment. Sarah also admitted to not 
putting in much effort, which was displayed in her completion and accuracy data. Although 
completing all her homework, her accuracy level was the lowest of all the participants. Bethany, 
107 
 
Sharon, and David’s completion rates for the interleaved assignments were lower than the 
blocked assignments mainly due to leaving blanks, which potentially shows lack of effort.  
Sarah’s case demonstrated that the culture of the classroom is important. Her reluctance 
to ask other students in her class, or her teacher for help may have affected her success in the 
course because she did not know where else to go for help with her assignments. Bethany and 
Sarah were the only two students who did not mention about going to the teacher for help. For 
the Algebra 1B course, students stated they asked questions in class. They mentioned their 
teacher would help them and they would ask their friends. Another key finding is the social 
aspect of homework. David felt homework interrupted his preferred activities at home. He 
completed his homework at school because he felt school should stay at school. The other 
students did not express the same concern. None of the other students mentioned they did not 
have enough time to do their homework outside of school hours.  
Students’ experience with mathematics, such as their successes and struggles in the past, 
contributed to their perception of how they learn mathematics. Half of the students felt 
interleaved homework would not work for them because it did not include enough practice or 
that it could confuse their thought processes. Most participants articulated the benefits of 
interleaved homework assignments and indicated they would not be opposed to interleaving 
homework if they were exposed to the assignments at the beginning of the school year.  
The last key finding is student concerns about receiving homework in general. Two of the 
students in the Algebra 1B course stated that their class should not receive homework. They 
stated students in their class do not complete their homework because it is too difficult for them 
to do on their own and most will not complete it resulting in a lower grade in the class.  Even if 
they do turn in the homework assignments, they claim the students cheat, which defeats the 
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purpose of homework. Conversely, students in the Honors Algebra 2 course expect the 
homework from teachers to practice the concepts they have learned and expect it to be graded as 
to hold others accountable. 
This study provides evidence of the different experiences students can have with 
interleaved homework. The findings provide a qualitative look at how students themselves feel 
about homework, interleaved homework and mathematics—insights that are not easily captured 
with only quantitative surveys or achievement data. 
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CHAPTER 5: DISCUSSION 
 In Chapter 4, I presented the findings from the framework and key findings that emerged. 
In this chapter I discuss the interpretations and implications of the results presented in Chapter 4. 
I connect my findings to the literature review and explain how the results in Chapter 4 add to the 
literature base. Then, I provide implications for research and practice, including implications for 
curriculum designers, and I follow this with recommendations for future research and concluding 
statements. 
Research Implications 
 In the review of literature, I focused on four main areas of research: student attitudes 
toward mathematics, student perceptions of homework, homework and student learning, and 
interleaving and spacing. In this section, I utilize the interpretations of the results of the study 
and discuss the implications related to the research in Chapter 2.   
Students Attitudes Toward Mathematics 
Studies have shown that attitudes and beliefs toward mathematics are predictors of 
student achievement (Niepel et al., 2018). According to DiMarino and Zan (2011), a student’s 
vision of mathematics is connected to the idea of success in mathematics and will influence their 
perceptions of failure and perceived competence.  
 As mentioned in Chapter 2, the studies conducted by Niepel et al. (2018) and Martinez 
(2017) identified a correlation between attitude and achievement. Although student achievement 
was not the main focus in this study, there was a similar result with student scores on the pre-and 
post-intervention student questionnaire, which I used to measure student attitudes toward 
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mathematics and cumulative test score for Honors Algebra 2 students (Table 14). The lower the 
score on the pre- and post-intervention student questionnaire, indicating a more positive attitude 
toward mathematics, the higher the score was on the cumulative assessment. However, this was 
not the case with the Algebra 1B students.   
Table 14 
Results of the First Section of the Student Questionnaire and Cumulative Test 
Student Course Pre-intervention Post-intervention Test score 
Rachel Honors Algebra 2  20 19 82 
Bethany Honors Algebra 2  45 35 41 
Sarah Honors Algebra 2  64 61 30 
Sharon Algebra 1B 55 50 14 
Brian Algebra 1B 46 40 7 
David Algebra 1B 43 41 28 
 
Achievement on the cumulative assessments was generally low for the Algebra 1B 
course. Sharon possessed the highest score on the student questionnaire (negative attitude) but 
scored between her two classmates on the cumulative test. Also, focusing on the scores from the 
post-intervention questionnaire, Brian had the lowest cumulative test score but the most positive 
attitude from the students in Algebra 1B course. During the post-interleaving interview, Brian 
expressed his struggle with mathematics beginning at a young age, which appeared to be the sole 
reason he did not like mathematics. Sarah, in the Algebra 2 Honors course, expressed how much 
she “despised” mathematics, though apparently not stemming from her ability to understand 
mathematics. Her attitude did not seem to affect her mathematical abilities nor perceived abilities 
because she was a 9th grader taking a junior level honors course.  
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Niepel et al. (2018) and Martinez (2017) used quantitative data from previous 
longitudinal studies to report on students’ attitudes toward mathematics. This study allowed the 
students to further explain their reasoning for liking or disliking math, taking into consideration 
the level of math students in which students were enrolled. For instance, Bethany in the Honors 
Algebra 2 course mentioned disliking her teacher’s teaching style, while the students in the 
Algebra 1B course disliked math because it was difficult, and they had a history of struggling 
with mathematics.    
 In Chapter 2, Martinez (2017) stated the Latina/o students’ attitudes lowered their 
motivation to perform well in the classroom, which resulted in them being placed in a lower 
level mathematics class. David’s attitude toward mathematics and homework followed a similar 
pattern. His accuracy rate, as well as the work shown on his homework, showed David possessed 
the skills necessary to be in an average Algebra 1 course. His attitude toward mathematics and 
homework and a lack of demonstrated effort, however, appears to have result in him placed in 
the lower level math class. He stated in his post-interleaving interview that he must think more in 
mathematics class, and he does not want to put in the effort because he will not need math in the 
future. At one point in the post-interleaving interview, he mentioned that math is easy, yet he 
feels it does not pertain to his life and questions whether he needs it that creates an issue. He just 
wants to pass for the purpose of graduating. In short, he is taking a lower level class because it is 
easier for him, not because he feels he cannot handle the higher-level material. 
  In Chapter 2, King (2010) stated that students perceived teacher instruction and teacher 
attitudes toward students to be important aspects of their learning. During the post-interleaving 
interviews, some of the students discussed their teacher’s attitudes and teaching styles and how 
they either positively or negatively affected their learning. Bethany disliked her teacher’s 
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teaching style. She was confused on her homework and did not think the notes from her teacher 
helped. Conversely, Sharon expressed that she liked her teacher and that the teacher took the 
time to help her. Interestingly, the only time the teacher was mentioned by the Honors Algebra 2 
students was to use the instructor’s teaching style as an excuse as to why they were not being as 
successful in the course. In the Algebra 1B course, the students’ mentioned the teacher in a 
mostly positive light and they thought the teacher was helpful.   
 The results in the study are comparable to the literature discussed in Chapter 2, but some 
exceptions were found, perhaps due to the level of course the students were taking. The studies 
conducted by Niepel et al. (2018) and Martinez (2017) used quantitative data from previous 
longitudinal studies, while this study focused on both quantitative and qualitative to take a 
wholistic approach to students’ attitudes toward mathematics and why.   
Student Perceptions of Homework 
Students often view homework as routine and boring, and their attitudes toward 
homework become more negative as they get older (Xu, 2008). In the second section of the 
student questionnaire that describes their experience with homework, only David viewed 
homework as boring, though most of the students wrote words that showed they viewed 
homework in a negative manner: confusing, time consuming, and hard. Only two students used 
more positive words such as applicable and helpful.   
Some students view homework as getting in the way of more attractive activities after 
school (Xu, 2008). David mentioned that school and home should be separate and therefore, 
homework should not be given in any course. Although he did mention that he understands how 
the interleaved homework can be beneficial, he did not believe that most students would 
complete it in the way it is intended, choosing instead to cheat or not complete it at all.   
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The studies conducted by Letterman (2013) and Burriss and Snead (2017) show that 
students perceive homework differently at various levels. Although there are some students at the 
middle and high school level that understand the value of homework, most consider it “busy 
work” (Letterman, 2013; Burriss &Snead, 2017). The studies go on to suggest if homework is 
not included in a student’s final grade, there may be no motivation for the student to complete 
the homework. The students in both courses studied here felt that homework should be a small 
percentage of a student’s grade if it was to be included. Specifically, the Algebra 1B students felt 
that homework should not be graded because it tended to hurt students’ grades, even though 
homework was graded on completion. They expressed how most students in their class do not 
complete their homework, and if they do, they usually cheat. Thus, homework is not beneficial to 
the student either way.   
The results of the MetLife (2007) survey showed that lower-achieving students spent less 
time on homework and completed homework less frequently than high-achieving students.  
Although the data in this study are incomplete on how much time the students spent on 
homework, it seems to average between 20 - 25 minutes a day for both courses. David desired to 
finish his work before he went home, so his time appeared to be much shorter than the rest. Brian 
did not record his information but mentioned in our post-interleaving interview that it took over 
an hour to complete. This reporting seems unlikely given many of his assignments were 
incomplete. Comparing the students’ homework completion, accounting for no difference in the 
amount of homework turned in for each class, there was a noticeable difference in the 
completion rates of those assignments for each course. The Honors Algebra 2 students completed 
over 98% of the assignments turned in, while the Algebra 1B students completed 73% of theirs. 
These percentages are comparable to the MetLife (2007) survey.   
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Homework and Student Learning 
Cooper, Robinson, and Patall (2006) stated that the research on homework has had a 
minimal role in informing homework and policy practices because influences and attitudes on 
homework are complex. There is a positive association with achievement when students put forth 
effort, more so than time, into their homework assignments (Trautwein, Niggli, Schnyder, & 
Lüdtke, 2009). In this study, when teachers assigned homework and graded on completion, there 
is a question that developed as to whether completion constitutes effort. For example, Brian in 
the Algebra 1B course appeared to write numbers in randomly for answers, but he could argue 
that it was completed, that he tried, and that deserved a grade. Similarly, Sarah in the Honors 
Algebra 2 course began to work out most of the problems on her assignments, but many were 
never completed. When researchers are discussing effort, it needs to be clear how effort is being 
measured. Is it enough for a student to say that they tried, or could teachers look at completion, 
accuracy, or both to determine a student’s effort on an assignment? Teachers might consider 
assessing student effort by looking at how the problems are completed by students based on how 
the lesson was taught, as well as their experience with the student to gauge a student’s effort.  
In Chapter 2, Trautwein et al. (2009) mentioned that homework assignments are likely to 
be most effective when students do not experience negative emotions while putting forth effort 
into completing their assignments. Their study used questionnaires that asked students about 
their effort and how they felt about assignments with pre-written statements for students to 
choose from. This study used completion and accuracy of assignments, as well as students’ own 
words to assess effort and emotions. The post-interleaving interviews assisted in understanding 
why a student may have particular feelings or opinions on math and explicated the effort they put 
into their assignments.   
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The studies reviewed in Chapter 2 show that students understand the value of homework 
and that emotions and experiences with homework can play a role in how students perceive 
mathematics, which in turn can affect achievement. In this study, students understood the 
benefits of the interleaved homework assignments; yet it appears the student’s past experiences 
with mathematics played a more significant role in how students’ perceived homework at the 
high school level. Students, placed in the remedial Algebra 1B course because of their past 
mathematics experience, stated that they do not complete their mathematics homework because 
they cannot complete it by themselves or cheat in order to complete it. Their behavior appears to 
be based more on their lack of knowledge of mathematics and not their experience with 
homework. The studies reviewed in Chapter 2 involved may quantitative studies that have found 
correlations with student achievement and homework. I find the results of this study to be 
consistent with Zhu (2015) that homework, as a variable, is difficult to study because the impact 
of homework can be affected by students’ attitudes toward homework, understanding of the 
purpose of homework, and previous academic achievement. More qualitative studies are needed 
at different ability levels in order to get a better understanding of homework at the high school 
level.   
 Interleaving and Spacing 
Research has shown that interleaving mathematics homework assignments can produce 
long-lasting benefits for learning mathematics, among them increased ability to discriminate 
between concepts and strengthened memory association (Pan, 2015). However, there are some 
policymakers and education designers that fail to interleave content because they claim that it 
could be “detrimental to the student’s learning experience” (Ostrow, Heffernan, Heffernan & 
Peterson, 2015, p. 339).   
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In Chapter 2, the literature reviewed summarized the effects of interleaving using tutoring 
programs on computers, classroom instruction, and different combinations of interleaved and 
blocked practice, as well as effects thereof on achievement. The classroom studies by Rohrer et 
al. (2014) and Rohrer et al. (2015) appeared to be the only studies that tested the effects of 
interleaving on learning with students in a K-12 classroom, specifically with middle school 
students. Unlike the studies in Chapter 2, this study focused on interleaving with different 
populations of students, in high school, and how interleaving affected their overall perceptions of 
mathematics, homework, and more specifically interleaved homework. While each student had 
their own reasons for disliking homework, all the students were aware of the benefits of 
interleaved homework assignments. Some students felt that blocked practice worked well for 
them, but they stated that interleaved practice may benefit others. Bethany was fond of blocked 
homework because it involved repeating patterns and going through required steps. She stated 
that “you do it, and you get it done, and then you just forget.” On her interleaved assignments 
she did not always follow directions, she left out parts of the problem, or did not answer the 
appropriate question. However, her blocked homework was complete with all the work shown. 
The students stated they were not opposed to experiencing interleaved homework all year, since 
this study was conducted at the end of the school year. There is an evident gap in the literature 
with studies involving interleaving at the high school level as well as the different levels of high 
school mathematics courses. With the students expressing their understanding of the benefits of 
the interleaved assignments, it could be worthwhile to see the effects on achievement at the high 
school level. 
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Implications for Practice 
The previous section addressed research issues reported in this study. In this section, I 
focus on educational applications and how practicing teachers might use the results from this 
study in their own schools. 
Epstein and Van Voorhis (2001) stated the most common instructional purpose of 
homework was for students to practice or review material that was presented in class. There has 
been discussion for some time about how much homework teachers give or whether they ought 
to give it at all (Zhu, 2015). During the post-interleaving interviews, the students were not 
completely against having interleaved homework, though the Algebra 1B students appeared to 
dislike any type of math homework due to their struggles with mathematics. David was an 
exception, feeling that he should not have to do any more work when school was over for the 
day. The most interesting find was that the Algebra 1B students hinted that homework should not 
be graded. It was not that teachers should not assign homework, but that the teacher should not 
assess it because it can hurt a student’s grade. They stated how classmates do not complete their 
homework, or if they do it is not their own work. The Honors Algebra 2 students expected to 
have a grade for their homework but did not expect it to be a major portion of their grade. Sarah 
did express that she liked the idea of interleaved homework and it changed her perspective on 
homework a little. Therefore, teachers may consider the course and the student feedback before 
deciding on whether or not to give homework and how much it could count as part of their 
students’ grades.   
Students in this study preferred to begin the school year with the interleaved homework 
with the understanding that interleaving can be beneficial to their learning. Accordingly, teachers 
may want to begin the school year using some type of interleaving practice. Students practice the 
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concepts as well as the strategies when taking any standardized test such as ACT or SAT. At the 
same time, there needs to be realistic expectations when working with students in lower level 
courses. If teachers do not assign students homework, then interleaving could be done with 
classwork. 
Another consideration when implementing interleaved homework is the lack of practice 
students have with the last few lessons. Students are not exposed to as many practice problems 
toward the end of a unit as with other concepts when interleaving. Therefore, students may need 
additional practice in some other form such as classwork. Yan et al. (2017) studies on hybrid 
schedules, such as blocked and interleaved practice, may be useful in this case. Students could 
still receive the interleaved practice along with the blocked practice to make up for the lack of 
practice with the last few lessons. 
In Chapter 2, Landers (2013) considered homework as a social practice. From a 
sociocultural perspective, Sarah’s experience with interleaved homework may have been 
different if she had friends in the classroom with whom she felt comfortable. Sarah stated that 
when she had trouble with the interleaved assignments, she asked her friends for help. However, 
her friends were not in the same class as her and not receiving the same assignments. When her 
friends could not assist her with the interleaved assignments, she was reluctant to ask for help 
from other students because she overheard them say it was easy. Sarah’s struggle stresses the 
importance of creating a community within the classroom. This study was conducted toward the 
end of the school year where students had plenty of time to get to know one another and still 
Sarah did not feel comfortable enough to ask other students, or the teacher for assistance with the 
interleaved homework. It is possible Sarah’s experience could have been different if she felt 
more comfortable in the classroom and made more friends. Therefore, teachers may want to 
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consider building a community within the classroom where students feel comfortable taking risks 
and asking for assistance when implementing the interleaved homework. 
Interleaved assignments are not widely used in education simply because it is not 
included in curriculum materials (Rohrer, 2012). It is possible teachers use some form of 
interleaving in their classrooms without realizing the impact they are having on student learning. 
One avenue to expose teachers to interleaving is to present the concept to pre-service teachers.  
Teachers at any grade level, as well as any subject, can learn to create interleaved assignments. 
Pre-service teachers can practice creating the interleaved homework in projects or lesson plans 
pre-service teachers are required to produce for a course. 
Implications for Curriculum 
In the previous section, I addressed how practicing teachers could consider using 
interleaved homework for their students. This section will address curriculum developers, mainly 
textbook companies, to discuss some of the issues with developing interleaved assignments.  
Most textbooks do not include interleaved practice problems (Rohrer, 2009). Conversely, many 
mathematics teachers use curriculum materials to assign homework as a tool for teaching (Stein 
et al., 2007). For greater effect, interleaved mathematics problems could be included in 
curriculum materials to be used by teachers. 
It took a fair amount of time to create interleaved homework for the two courses. Fellow 
teachers and I had to decide what we wanted to focus on, to make sure we had enough variability 
in the types of questions that we used, as well as enough questions to make sure students had 
enough to practice effectively without overwhelming them. Curriculum developers produce 
many examples and even mixed review in their curriculum materials. If teachers decided to use 
those materials, however, they may not assign every single problem in each section, or the mixed 
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review problems at all. With my experience in creating the assignments, it may have been more 
beneficial if there was an online resource from which I could have dragged and dropped any of 
the questions given in the textbook or other online resource into an assignment. I found most of 
my time used to create the assignments was used re-writing the questions or finding ways to 
copy/paste or “snip” the graphic that I needed to use for particular problems.     
Teachers may get frustrated with the time it takes to create the assignments, but 
curriculum developers can assist with this endeavor by creating an online resource for teachers to 
use. It could be similar to a test bank, including all the examples from the textbook where 
teachers can easily choose the problems from the textbook or worksheet they prefer to add to an 
assignment. 
Directions of Future Research 
This research merely scratches the surface of potential discussion on using interleaving in 
the mathematics classroom. It also has produced more questions which could be addressed in 
future research. Below, I discuss the questions generated from this study and how they can be 
addressed in future studies. 
 The homework assignments were given within the last nine weeks of the school year.  
During that time, there was state testing, and some students may have been pulled out of class to 
take them. Instead of getting homework two or three times a week during the study, they may 
have received it once that week during that time or not at all. Therefore, the homework was not 
as consistent as I would have preferred. The students did mention that they supported the idea of 
interleaved assignments at the beginning of the year, as they know what to expect from the 
teacher and not treat homework any different. Accordingly, future research could include a 
year’s worth of interleaving. Currently there were no studies found that examined year-long 
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interleaving nor its effect on student achievement. I also recommend more qualitative studies on 
homework in general, as well as interleaved homework in particular, as there was a documented 
difference in homework expectations of students depending on the level or course the students 
were taking. The studies could also include larger focus groups where more students can share 
their experiences. This study included only three students in each course, which is only an 
indication of potential discussion of how students feel about mathematics, a measure upon which 
surveys or questionnaires cannot report.   
Conclusion 
The purpose of this study is to address student voice on interleaved homework. By using 
the conceptual framework from Dettmers et al. (2011), I accounted for student perceptions and 
emotions while completing interleaved homework. 
 After collecting data from students at different levels of ability and different attitudes 
towards mathematics, there seem to be many factors that can affect student willingness to 
complete homework and related effects on their student achievement. Although students at the 
remedial level feel homework can be more harmful to a student’s grade, all the participants saw 
the benefit of interleaved assignments and are not opposed to them as long as they were exposed 
to them from the beginning of the year.   
As mentioned in Chapter 1, recent studies on interleaving and spacing suggest they 
benefit student practice, the ability to choose appropriate strategies, as well as practicing 
procedures (Ostrow et al., 2015; Rohrer et al., 2014; Rohrer, Dedrick, & Stershic, 2015; Rohrer 
& Taylor 2007; Taylor & Rohrer 2010). Also, studies have shown homework benefits students 
on high school math tests (Kalenkoski & Pabilonia, 2013). Therefore, including interleaved 
problems on homework assignments, for practice, may improve student achievement in high 
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school.  Future research may include how interleaved practice affects student achievement in 
high school and/or students in different course levels.   
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APPENDIX A: HOMEWORK EXAMPLES 
 
 
Blocked Homework Example 
 
Solve 
1. 0 =  𝑥𝑥2  +  3𝑥𝑥 +  2 
 
2. 0 =  𝑏𝑏2 − 12b +  32 
 
3. 0 =  6𝑥𝑥2  +  20𝑥𝑥 +  8 
 
4. 0 =  4𝑎𝑎2 − 100 
 
5. 0 =  𝑥𝑥2  +  4𝑥𝑥 − 49 
 
6. 0 =  𝑛𝑛2 − 4  
 
7. 9𝑦𝑦2 + 12𝑦𝑦 + 4 = 0 
     
8.  3𝑥𝑥2  +  7𝑥𝑥 +  3 = 0                 
 
9.  𝑎𝑎2  +  4𝑎𝑎 +  2 = 2      
 
10.  2𝑥𝑥2  +  𝑥𝑥 −  3 = 0 
 
 
 
 
 
 
 
 
 
 
 
Note: Numbers and context have been 
changed to avoid copyright infringement. 
 
Interleaved Homework Example 
 
Solve or Simplify. 
1. 
b
5
− 4
b
= 1
5
 
 
2. 
20
y2−4
= 10
3𝑦𝑦−6
 
 
3. 
n
5
+ n
4
= 5 
 
4. 
4c−16
3c+6
 ÷   7c−28
5c+10
 
 
5. 
x2+4x+3
x−5
  ⋅   x
2−25
x2+8x+15
 
 
6. 0 =  𝑥𝑥2  +  3𝑥𝑥 +  2  
 
 
7. 𝑦𝑦3 + 6𝑦𝑦2 + 4𝑦𝑦 = 0                                
 
Classify by its degree and terms. 
 
8. (7x2 + 9x − 5) + (9x2 − 9x) 
 
Write a polynomial with the given zeros. 
 
9.  x = 5 and x = -2 
 
Evaluate the discriminant. Determine the 
solutions. 
 
10.  𝑥𝑥2 − 5𝑥𝑥 =  −3 
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APPENDIX B: HOMEWORK RUBRIC 
 
Homework 
Rubric 
Completeness  Accuracy 
Full Credit  (10 points)  
• Homework is completed and 
on time. 
• All work is shown (where 
applicable). 
• All the problems are correct and 
work is shown (where 
applicable). 
Partial 
Credit 
(1-9 points) 
• Homework is incomplete 
[problems completed/total 
problems] 
• Homework is a day late [ 3 
point deduction] 
• No work is shown [half 
credit] 
• Based on how many problems 
are correct and where work is 
shown (where applicable). 
No Credit (0 points) 
• Homework is not turned in 
by the student. 
• Homework is not turned in by the 
student or all the solutions are 
incorrect. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
133 
 
 
 
 
 
APPENDIX C: EXCEL SPREADSHEET TO COLLECT HOMEWORK DATA 
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APPENDIX D: JOURNAL DATA COLLECTION FORM 
 
 
Date  
Did I assist in creating an interleaved 
homework assignment today? 
 
 
How many questions were on the assignment? 
 
 
What concepts were interleaved on the 
assignment?  
 
 
Did I collect data from the interleaved 
homework assignments today? 
 
 
Are there any concerns about the homework 
assignments in regard to creating or collecting 
the data? 
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APPENDIX E: STUDENT QUESTIONNAIRE 
 
 
Student Questionnaire Protocol 
The student questionnaire was administered two times during the study.  Before I administered 
the questionnaire for the first time, I asked a student in one of my classes to review the wording 
of the questionnaire to ensure the questions can be understood. I asked them to write “OK” on 
the questionnaire if they understood all the questions.  If there were questions, they did not 
understand, they identified them on the questionnaire.  I asked them to answer the open-ended 
responses and check their responses for comprehension.    
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SOURCE: TIMSS 2015 Assessment Frameworks. Copyright © 2013 International Association 
for the Evaluation of Educational Achievement (IEA). Publisher: TIMSS & PIRLS International 
Study Center, Lynch School of Education, Boston College. 
 
1. Describe math homework using one or two words. 
Explain why you chose that word(s). 
2. Where do you normally do your math homework? 
3. How much time do you usually spend on each math homework assignment? 
4. What do you do when you do not understand your math homework? 
5. Would you rather complete homework assignments that have the same types of 
problems on it, or have problems from different lessons on them (mixed practice)? 
Why? 
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APPENDIX F: SEMI-STRUCTURED INTERVIEW QUESTIONS 
 
 
Individual Interview Protocol 
 
Participants were interviewed individually in person, and the interviews were recorded and 
transcribed.  The interview began with a discussion about mathematics and homework.  I then 
showed students an example of two homework assignments (one with blocked practice and one 
with interleaved practice) and discussed their experiences with each homework type.  I also 
brought the cumulative test to discuss some of their homework assignments and test questions 
related to the homework assignments.    
The interviews took place after the grades for the semester have been submitted.  Interview 
protocols were greatly influenced by individual responses to questionnaires and other data 
collected during the semester but began with the following questions.  Interviews lasted 
anywhere from 20 to 45 minutes.   
 
1. Do you like mathematics? Why or why not? 
2. How do you feel about math homework? 
a. Do you feel is should be a part of a students’ grade? 
b. How is your homework graded?  How do you think it should be graded? 
3. Do you feel homework helps you learn mathematics better? Why or why not? 
4. Were there any differences in the homework you had last quarter compared to other math 
classes you had before?  If so, what were they?  
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I will bring out the blocked and interleaved homework samples they completed and ask the 
following: 
5.  Which assignment would you rather do? 
6. Which assignment do you think would help you more in math? 
7. How confident were you in your math abilities in other math classes? 
a. Has that changed any this quarter? 
8. How confident were you this quarter when you were completing your homework 
assignments? 
9. What did you do when you didn’t understand problems on your math homework? 
10. Do you feel you spent more time, less time or an equal amount of time on homework last 
quarter then you have in other math classes? 
11. Did the homework this quarter change your feelings about mathematics in any way? If 
so, how? 
12. Do you feel your homework this quarter helped you learn math better?  Why or why not? 
How would you describe your overall experience with completing math homework assignments 
last quarter? 
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APPENDIX G: INSTITUIONAL REVIEW BOARD (IRB) APPROVAL 
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